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(57) ABSTRACT 

A control apparatus for a motor-assisted bicycle detects a 
pedaling torque applied to a crankshaft with a pedaling force 
sensor, controls a motor unit in a regenerative control process 
to charge a battery if the torque value of the detected pedaling 
torque is equal to or Smaller than a predetermined level, and 
controls the motor unit in an assistive control process if the 
torque value is greater than the predetermined level. The 
control apparatus controls the motor unit in the regenerative 
control process at a crankshaft angular position in which the 
torque value detected by the pedaling force sensor is equal to 
or smaller than the predetermined level, and switches from 
the regenerative control process to the assistive control pro 
cess for controlling the motor unit at a crankshaft angular 
position in which the torque value detected by the pedaling 
force sensor becomes higher than the predetermined level. 

4 Claims, 16 Drawing Sheets 
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1. 

CONTROL APPARATUS FOR 
MOTOR-ASSISTED BICYCLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. S 119(a) to 
Application No. 2010-223012, filed in Japan on Sep. 30. 
2010. The entirety of the above-identified application is 
expressly incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a control apparatus for a 

motor-assisted bicycle which increases the frequency of 
charging of a battery. 

2. Description of Background Art 
Japanese Patent No. 3642364 discloses that a bicycle with 

assistive power energizes a motor to generate an assistive 
force depending on a pedaling torque applied to a crankshaft. 
The motor is controlled to switch to a regenerative state to 
charge the battery, if a detected peak of the pedaling torque is 
Smaller than a pedaling torque determined depending on the 
vehicle speed of the bicycle. 

According to the technology disclosed in Japanese Patent 
No. 3642364, a regenerative charging process is performed, if 
the detected peak of the pedaling torque is Smaller than the 
pedaling torque determined depending on the vehicle speed 
of the bicycle. When the pedaling force becomes larger, since 
the pedaling force changes from a level 0 to a higher peak, 
while the crankshaft makes one revolution, no regenerative 
charging process is performed and hence the battery is not 
efficient during a period in which a low pedaling torque is 
applied. Consequently, the battery may not sufficiently be 
charged. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the prob 
lems of the background art. It is an object of the present 
invention to provide a control apparatus for a motor-assisted 
bicycle which increases the frequency of charging of a bat 
tery. 

To achieve the above objects, according to a first aspect of 
the present invention, there is provided a control apparatus 
(250) for a motor-assisted bicycle (10) for detecting a pedal 
ing torque applied to a crankshaft (48) with a pedaling force 
sensor (110), controlling a motor unit (28) of the motor 
assisted bicycle (10) in a regenerative control process to 
charge a battery (44), if the torque value of the detected 
pedaling torque is equal to or Smaller than a predetermined 
level, and controlling the motor unit (28) in an assistive con 
trol process, if the torque value is greater than the predeter 
mined level, wherein the control apparatus (250) controls the 
motor unit (28) in the regenerative control process at a crank 
shaft angular position in which the torque value detected by 
the pedaling force sensor (110) is equal to or smaller than the 
predetermined level, and Switches from the regenerative con 
trol process to the assistive control process for controlling the 
motor unit (28) at a crankshaft angular position in which the 
torque value detected by the pedaling force sensor (110) 
becomes higher than the predetermined level. 

According to a second aspect of the present invention, the 
control apparatus (250) includes a vehicle speed information 
detector (66) for detecting a vehicle speed information value 
representing a vehicle speed of the motor-assisted bicycle 
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2 
(10), and a control quantity corrector (276) for correcting a 
control quantity of the assistive control process and a control 
quantity of the regenerative control process based on a change 
in the vehicle speed information value which is detected. 

According to a third aspect of the present invention, the 
control quantity corrector (276) integrates the change in the 
vehicle speed information value detected by the vehicle speed 
information detector (66) depending on a positive or negative 
value thereof, and if the integrated value is a negative integral 
value and the absolute value of the negative integral value is 
greater than a first threshold, the control quantity corrector 
(276) corrects the control quantity of the regenerative control 
process into a reduced control quantity depending on the 
absolute value of the negative integral value, and if the inte 
grated value is a positive integral value and the absolute value 
of the positive integral value is greater than a second thresh 
old, the control quantity detector (276) corrects the control 
quantity of the assistive control process into an increased 
control quantity depending on the absolute value of the posi 
tive integral value. 

According to a fourth aspect of the present invention, the 
control quantity corrector (276) corrects the control quantity 
of the assistive control process and the control quantity of the 
regenerative control process only if the absolute value of the 
change detected by the vehicle speed information detector is 
greater than a predetermined value. 

According to a fifth aspect of the present invention, the 
control quantity corrector (276) corrects the control quantity 
of the regenerative control process into an increased control 
quantity, if a value, calculated by subtracting the state of 
charge at the time the motor-assisted bicycle (10) ended a 
previous cycle from the State of charge at the time the motor 
assisted bicycle (10) started the previous cycle, is positive, 
and corrects the control quantity of the assistive control pro 
cess into an increased control quantity, if the calculated value 
is negative. 

According to a sixth aspect of the present invention, the 
control quantity corrector (276) corrects the control quantity 
of the assistive control process and the control quantity of the 
regenerative control process only if the absolute value of the 
value, calculated by Subtracting the state of charge at the time 
the motor-assisted bicycle (10) ended the previous cycle from 
the state of charge of the battery (44) at the time the motor 
assisted bicycle (10) started the previous cycle, is greater than 
a predetermined value. 

According to a seventh aspect of the present invention, the 
vehicle speed information detector (66) detects the vehicle 
speed of the motor-assisted bicycle (10) from the rotational 
speed of a wheel of the motor-assisted bicycle (10). 

According to an eighth aspect of the present invention, the 
control apparatus (250) includes a vehicle speed information 
detector (66) for detecting a vehicle speed information value 
representing a vehicle speed of the motor-assisted bicycle 
(10), and the control apparatus (250) switches from the assis 
tive control process to the regenerative control process at a 
crankshaft angular position in which the torque value 
detected by the pedaling force sensor (110) is equal to or 
smaller than the predetermined level, and if the vehicle speed 
information value detected is equal to or Smaller than a pre 
determined speed value, and Switches from the regenerative 
control process to the assistive control process at least at a 
crankshaft angular position in which the torque value 
detected by the pedaling force sensor (110) is greater than the 
predetermined level. 
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According to a ninth aspect of the present invention, the 
control apparatus (250) varies the predetermined leveland the 
predetermined speed value depending on the state of charge 
of the battery (44). 

According to the first aspect of the present invention, since 
the pedaling torque at the crankshaft angular position of the 
crankshaft is detected and the assistive control process and 
the regenerative control process are selectively performed 
depending on the torque value of the pedaling torque, more 
regenerative states can be created to increase the frequency of 
charging of the battery. 

According to the second aspect of the present invention, the 
control quantity of the assistive control process and the con 
trol quantity of the regenerative control process are corrected 
based on a change in the vehicle speed information value, 
which is indicative of the speed of the motor-assisted bicycle. 
Therefore, variations in the rotational speed of the crankshaft 
due to Switching between the assistive control process and the 
regenerative control process while the crankshaft rotates can 
be reduced. Therefore, switching between the assistive con 
trol process and the regenerative control process while the 
crankshaft makes one-half of a revolution is performed with 
out making the rider of the motor-assisted bicycle feel 
Strange. 

According to the third aspect of the present invention, if the 
rotational speed of the crankshaft greatly changes into a 
reduced rotational speed during the regenerative control pro 
cess, then the control quantity of the regenerative control 
process can be reduced to minimize the reduction in the 
rotational speed of pedals, and if the rotational speed of the 
crankshaft is continuously increasing due to the assistive 
control process, then the assistive control process is increased 
to quickly achieve a vehicle speed desired by the rider of the 
motor-assisted bicycle. The regenerative control process is 
performed while minimizing variations in the rotational 
speed of the pedals, and the assistive control process can be 
realized in a manner expected by the rider of the motor 
assisted bicycle. 

According to the fourth aspect of the present invention, the 
control quantity of the assistive control process and the con 
trol quantity of the regenerative control process are corrected 
only if the absolute value of a change in the vehicle speed 
information value is greater than the predetermined value. 
Consequently, the drivability of the motor-assisted bicycle 
can be prevented from being lowered by excessive correction. 

According to the fifth aspect of the present invention, the 
control quantity corrector corrects the control quantity of the 
regenerative control process into an increased control quan 
tity, if a value, calculated by Subtracting the state of charge of 
the battery at the time the motor-assisted bicycle ended a 
previous cycle from the state of charge of the battery at the 
time the motor-assisted bicycle started the previous cycle, is 
positive, and corrects the control quantity of the assistive 
control process into an increased control quantity, if the cal 
culated value is negative. Therefore, the state of charge of the 
battery can be maintained. Specifically, if the regenerative 
control process was performed more than the assistive control 
process when the motor-assisted bicycle was used in the 
previous cycle, then the assistive ratio is increased, and if the 
assistive control process was performed more than the regen 
erative control process when the motor-assisted bicycle was 
used in the previous cycle, then the regenerative ratio is 
increased. In this manner, the state of charge of the battery can 
be maintained. 

According to the sixth aspect of the present invention, the 
control quantity corrector corrects the control quantity of the 
assistive control process and the control quantity of the regen 
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4 
erative control process only if the absolute value of the value, 
calculated by subtracting the state of charge of the battery at 
the time the motor-assisted bicycle ended the previous cycle 
from the state of charge of the battery at the time the motor 
assisted bicycle started the previous cycle, is greater than a 
predetermined value. Consequently, the assistive control pro 
cess and the regenerative control process can be performed 
with stable control quantities to allow the state of charge 
(SOC) of the battery 44 to vary smoothly. 

According to the seventh aspect of the present invention, 
the vehicle speed information detector detects the vehicle 
speed of the motor-assisted bicycle from the rotational speed 
of the wheel. Therefore, the vehicle speed information of the 
motor-assisted bicycle can be detected properly. 

According to the eighth aspect of the present invention, the 
regenerative control process is performed if the torque value 
is equal to or Smaller than a predetermined level and the 
vehicle speed information value is equal to or Smaller than a 
predetermined speed value. Therefore, the regenerative con 
trol process can be performed within a speed range desired by 
the rider of the motor-assisted bicycle, making the battery 
effective for a longer period of time. 

According to the ninth aspect of the present invention, 
inasmuch as the predetermined level and the predetermined 
speed value are changed depending on the state of charge of 
the battery, when the state of charge of the battery is low, the 
frequency of a regenerative charging process is increased to 
prevent the battery from being overcharged, and when the 
state of charge of the battery is high, the frequency of an 
assistive process is increased to prevent the battery from 
being overcharged. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given herein 
after. However, it should be understood that the detailed 
description and specific examples, while indicating preferred 
embodiments of the invention, are given by way of illustration 
only, since various changes and modifications within the 
spirit and scope of the invention will become apparent to 
those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of illustra 
tion only, and thus are not limitative of the present invention, 
and wherein: 

FIG. 1 is a left side elevational view of a motor-assisted 
bicycle (assisted bicycle); 

FIG. 2 is a cross-sectional view taken along line II-IIacross 
a pedaling force detecting device shown in FIG. 1; 

FIG.3 is a cross-sectional view taken along line II-IIacross 
a pedaling force detecting device shown in FIG. 1, where a 
hollow torque transmitting member is constructed as a single 
member; 

FIG. 4 is a fragmentary cross-sectional view taken along 
line IV-IV of FIG. 1; 

FIG. 5 is a perspective view of a display unit shown in FIG. 
1; 

FIG. 6 is a block diagram showing the electric configura 
tion of a control apparatus of the assisted bicycle; 

FIGS. 7A through 7C are diagrams showing decision maps 
stored in a decision map storage area of a storage unit, FIG. 
7A showing a low charging decision map, FIG. 7B a normal 
decision map, and FIG. 7C a high charging decision map: 
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FIG. 8 is a diagram showing charged States of a battery at 
the time the low charging decision map, the normal decision 
map, and the high charging decision map are selected by a 
decision map selector; 

FIGS. 9A and 9B are diagrams showing AV integrated 
value correction maps stored in an integration value correc 
tion map storage area of the storage unit, FIG. 9A showing a 
-AV integration value correction map and FIG. 9B a +AV 
integration value correction map: 

FIGS. 10A and 10B are diagrams showing ASOC correc 
tion maps stored ina ASOC correction map storage area of the 
storage unit, FIG. 10A showing a +ASOC correction map and 
FIG. 10B a -ASOC correction map: 

FIG. 11 is a flowchart of an operation sequence of an 
assistive control process and a regenerative control process, 
which are carried out by the control apparatus for the assisted 
bicycle: 

FIG. 12 is a flowchart of an operation sequence of the 
assistive control process and the regenerative control process, 
which are carried out by the control apparatus for the assisted 
bicycle: 

FIG. 13 is a flowchart of an operation sequence of the 
assistive control process and the regenerative control process, 
which are carried out by the control apparatus for the assisted 
bicycle: 

FIG. 14 is a flowchart of an operation sequence of the 
assistive control process and the regenerative control process, 
which are carried out by the control apparatus for the assisted 
bicycle: 

FIG. 15 is a diagram showing torque values T, which are 
detected by a pedaling force sensor while the rider is driving 
the assisted bicycle by pedaling; and 

FIG. 16 is a flowchart of an operation sequence performed 
by the control apparatus for stopping the assisted bicycle. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described with reference 
to the accompanying drawings, wherein the same reference 
numerals have been used to identify the same or similar 
elements throughout the several views. 
A pedaling force detecting device and a control apparatus 

for a motor-assisted bicycle according to a preferred embodi 
ment of the present invention will be described in detail below 
with reference to the accompanying drawings. 

FIG. 1 is a left side elevational view of a motor-assisted 
bicycle (assisted bicycle) 10. The assisted bicycle 10 includes 
mechanisms or components that are provided symmetrically 
as pairs on left and right sides of the bicycle body. Those on 
the left side are indicated by reference numerals with a suffix 
“L” and those on the right side by reference numerals with a 
suffix "R. The assisted bicycle 10 includes a head pipe 12 
positioned in a front portion of the bicycle body, a down frame 
14 extending rearwardly and downwardly from the head pipe 
12, a seat pipe 16 extending upwardly from the rear end of the 
down frame 14, and a top frame 18 extending rearwardly from 
the head pipe 12 above the down frame 14 and connected to 
the seat pipe 16. 
A handlebar 22 is connected to the upper end of a steering 

shaft 20 and has a substantially intermediate portion rotatably 
held by the head pipe 12. A front wheel WF is rotatably 
supported by a pair of front fork members 24L. 24R disposed 
in the front portion of the bicycle body and extending from the 
front end of the steering shaft 20. The front wheel WF has a 
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6 
hub 26 incorporating a motor unit 28 therein and a plurality of 
spokes 30 joined to the outer circumferential surface of the 
hub 26. 
A pair of plates 32L, 32R is disposed behind the seat pipe 

16. A rear wheelWR is rotatably supported by the rear ends of 
a pair of rear fork members 34L, 34R, which extend rear 
wardly from the plates 32L, 32R. A pair of stays 36L, 3.6R is 
disposed below the top frame 18 and extends rearwardly and 
downwardly from the seat pipe 16. The stays 36L, 3.6R are 
connected to the respective rear fork members 34L, 34R. 
The down frame 14 and the seat pipe 16 Support a pedaling 

force detecting device 38. A seat 40 is mounted on the upper 
end of a seat post 42, which is mounted on the seat pipe 16, for 
adjusting the vertical position of the seat 40. The top frame 18 
houses therein a battery 44 for energizing the motor unit 28. 
The battery 44 is accommodated in the top frame 18 against 
removal from the assisted bicycle 10. Therefore, the battery 
44 can be charged only by regenerative electric power, which 
is generated by the motor unit 28. However, the battery 44 
may be made removable so that it can be charged by a charger. 
A crankshaft 48 extends transversely across the bicycle 

body through the pedaling force detecting device 38 and a 
sprocket (rear wheel drive member) 46. A crank 52L with a 
pedal 50L and a crank 52R with a pedal 50R are coupled to the 
respective opposite ends of the crankshaft 48. When the rider 
steps on the pedals 50L, 50R, a pedaling torque (power) is 
applied to the crankshaft 48. The pedaling torque applied to 
the crankshaft 48 rotates the sprocket 46. The rotation of the 
sprocket 46 is transmitted through a chain 54 to a rear wheel 
sprocket 56 on the rear wheel WR, rotating the rear wheel 
WR. The sprocket 46, the chain 54, and the rear wheel 
sprocket 56 function as a drive mechanism. 
The front fork members 24L. 24R support thereon a front 

wheel cantilever brake 58 for stopping rotation of the front 
wheel WF. The stays 36L, 3.6R support thereon a rear wheel 
cantilever brake 60 for stopping rotation of the rear wheel 
WR. The handlebar 22 has grips 62L, 62R and brake levers 
64L, 64R. When the brake lever 64R is operated, the front 
wheel cantilever brake 58 is actuated. When the brake lever 
64L is operated, the rear wheel cantilever brake 60 is actuated. 
A vehicle speed sensor (vehicle speed information detec 

tor) 66 serves to detect a vehicle speed from the rotational 
speed of the rear wheel WR (vehicle wheel). A speedometer, 
not shown, for displaying the vehicle speed of the assisted 
bicycle 10 as detected by the vehicle speed sensor 66 and a 
display unit 68 are mounted on an upper portion of the handle 
bar 22. A headlight 70 is mounted on a front portion of the 
handlebar 22. The vehicle speed sensor 66 may detect a 
vehicle speed from the rotational speed of the front wheel WF 
(vehicle wheel). In such a case, the vehicle speed sensor 66 is 
disposed in a position where it can detect the rotational speed 
of the front wheel WF. 

FIG. 2 is a cross-sectional view taken along line II-IIacross 
the pedaling force detecting device 38 shown in FIG. 1. The 
pedaling force detecting device 38 includes a mechanism for 
rotating the sprocket 46 when the rider steps on the pedals 
50L, 50R in a direction (normal direction) to move the 
assisted bicycle 10 forwardly and stopping the sprocket 46 
against rotation when the rider steps on the pedals 50L, 50R 
in a direction opposite to the normal direction. Specifically, 
the pedaling force detecting device 38 includes a casing 100, 
a hollow torque transmitting member 102 disposed in the 
casing 100 and fitted over the outer circumferential surface of 
the crankshaft 48, one-way clutch mechanism 104 disposed 
in the casing 100 between the crankshaft 48 and one side 
(lower side in FIG. 2) of the hollow torque transmitting mem 
ber 102, a driver 106 for energizing a brushless motor of the 
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motor unit 28, and a controller 108 for performing a PWM 
control process, etc. on the driver 106. 
The one-way clutch mechanism 104 includes a structure 

for transmitting the pedaling torque of the crankshaft 48 to the 
hollow torque transmitting member 102, when the pedals 
50L, 50R are stepped on in the normal direction, and prevent 
ing the pedaling torque of the crankshaft 48 from being trans 
mitted to the hollow torque transmitting member 102, when 
the pedals 50L, 50R are stepped on in the direction opposite 
to the normal direction. The sprocket 46 is connected to the 
other side (upper side in FIG. 2) of the hollow torque trans 
mitting member 102. Specifically, the other side of the hollow 
torque transmitting member 102 has splines with the sprocket 
46 being fitted over the splines. 
When the pedals 50L, 50R are stepped on in the normal 

direction, the crankshaft 48 is rotated, causing the one-way 
clutch mechanism 104 to rotate the hollow torque transmit 
ting member 102. The sprocket 46 is rotated to propel the 
assisted bicycle 10 forwardly. When the pedals 50L, 50R are 
stepped on in the direction opposite to the normal direction, 
the crankshaft 48 is rotated, but the hollow torque transmit 
ting member 102 is prevented from rotating by the one-way 
clutch mechanism 104. Therefore, when the pedals 50L, 50R 
are stepped on in the direction opposite to the normal direc 
tion, the sprocket 46 is not rotated and hence the assisted 
bicycle 10 is not propelled forwardly. 

The pedaling torque applied to the crankshaft 48 is 
detected by a pedaling force sensor (magnetostrictive sensor) 
110, which is relatively rotatably disposed on the hollow 
torque transmitting member 102. The pedaling force sensor 
110 includes two detecting coils 112,114 and a magnetic film 
116 disposed on an outer circumferential surface of the hol 
low torque transmitting member 102 in facing relation to the 
detecting coils 112, 114. The pedaling force sensor 110 con 
verts a change in the inductance of the detecting coils 112, 
114, which is caused by a torsion that is generated when the 
hollow torque transmitting member 102 is rotated, into a 
voltage, and outputs the voltage to the controller 108. 
The hollow torque transmitting member 102 includes a first 

hollow member 118, which is rotated by the pedaling torque 
applied from the crankshaft 48 and borne by one side thereof, 
with the pedaling force sensor 110 being mounted on the 
outer circumferential surface of the first hollow member 118, 
and a second hollow member 120 fitted in the other side of the 
first hollow member 118 and connected to the sprocket 46 
remotely from the fitting region. The first hollow member 118 
and the second hollow member 120 are held in abutting fitting 
engagement with each other in the fitting region. Since the 
hollow torque transmitting member 102 includes the first 
hollow member 118 and the second hollow member 120, the 
fitting region where they are held in abutting fitting engage 
ment with each other is capable of reducing the adverse effect 
of the force of a torsion that is developed by the relationship 
between the force tending to lower the crankshaft 48 for 
wardly and downwardly at the time a strong pedaling force is 
applied and the force applied from the chain 54 to the sprocket 
46. Consequently, the adverse effect of the torsion generated 
in the pedaling force sensor 110 is reduced, thereby increas 
ing the detecting accuracy of the pedaling force sensor 110. 
The first hollow member 118 includes a first engaging 

portion 122 engaging the crankshaft 48 at its side near the 
one-way clutch mechanism 104. The second hollow member 
120 includes a second engaging portion 124 engaging the 
crankshaft 48 in the fitting region where the first hollow 
member 118 and the second hollow member 120 are held in 
abutting fitting engagement with each other, and a third 
engaging portion 126 engaging the crankshaft 48 in a region 
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8 
where the second hollow member 120 is connected to the 
sprocket 46. As the crankshaft 48 is supported at three posi 
tions, i.e., by the first engaging portion122, the second engag 
ing portion 124, and the third engaging portion 126, a torsion 
which is developed in the hollow torque transmitting member 
102 by the relationship between the force tending to lower the 
crankshaft 48 forwardly and downwardly and the force 
applied from the chain 54 to the sprocket 46 is reduced, 
thereby increasing the detecting accuracy of the pedaling 
force sensor 110. 
The crankshaft 48 is rotatably supported in the casing 100 

by a bearing (first bearing) 128, which is disposed outwardly 
of the one-way clutch mechanism 104. The hollow torque 
transmitting member 102 and the crankshaft 48 are rotatably 
supported in the casing 100 by a bearing (second bearing) 130 
which is disposed in a position between the second engaging 
portion 124 and the third engaging portion 126. Since the 
bearing 130 is disposed between the second engaging portion 
124 and the third engaging portion 126, the force applied to 
the crankshaft 48 is well borne by the bearing 130 through the 
second hollow member 120, resulting in an increase in the 
detecting accuracy of the pedaling force sensor 110. 
The crankshaft 48 includes a thrust stop ridge 132 against 

which the second engaging portion 124 of the second hollow 
member 120 is held in abutment along a thrust direction of the 
crankshaft 48. In other words, the second engaging portion 
124 and the thrust stop ridge 132 inhibit the hollow torque 
transmitting member 102 from moving in the thrust direction. 
Therefore, the hollow torque transmitting member 102 is 
prevented from being displaced in the thrust direction, result 
ing in an increase in the detecting accuracy of the pedaling 
force sensor 110. 
The first hollow member 118 further includes a third hol 

low member 134 supporting on one end thereof an outer 
member of the one-way clutch mechanism 104 and a fourth 
hollow member 136 fitting in the third hollow member 134 at 
its other end. The second hollow member 120 is fitted in the 
fourth hollow member 136 on the opposite side of the region 
where the fourth hollow member 136 is fitted in the third 
hollow member 134. The pedaling force sensor 110 is dis 
posed around the outer circumferential surface of the fourth 
hollow member 136. Since the first hollow member 118 
includes the third hollow member 134 and the fourth hollow 
member 136, the region where the third hollow member 134 
and the fourth hollow member 136 are held in interfitting 
engagement with each other and the region where the fourth 
hollow member 136 and the second hollow member 120 are 
held in interfitting engagement with each other are capable of 
reducing the adverse effect of the force of the torsion that is 
developed by the relationship between the force tending to 
lower the crankshaft 48 forwardly and downwardly at the 
time a strong pedaling force is applied and the force applied 
from the chain 54 to the sprocket 46. Consequently, the 
adverse effect of the torsion generated in the pedaling force 
sensor 110 is reduced, thereby increasing the detecting accu 
racy of the pedaling force sensor 110. 
As shown in FIG. 3, the hollow torque transmitting mem 

ber 102 may be constructed as a single member. FIG. 3 is a 
cross-sectional view taken along line II-II across the pedaling 
force detecting device 38 shown in FIG. 1 where the hollow 
torque transmitting member 102 is constructed as a single 
member. Those parts shown in FIG. 3 which are identical in 
structure to those shown in FIG. 2 are denoted by identical 
reference numerals. In FIG.3, since the crankshaft 48 is also 
Supported at three positions, i.e., by the first engaging portion 
122, the second engaging portion 124, and the third engaging 
portion 126, a torsion, which is developed in the hollow 
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torque transmitting member 102 by the relationship between 
the force tending to lower the crankshaft 48 forwardly and 
downwardly and the force applied from the chain 54 to the 
sprocket 46, is reduced, thereby increasing the detecting 
accuracy of the pedaling force sensor 110. 

FIG. 4 is a fragmentary cross-sectional view taken along 
line IV-IV of FIG.1. The motor unit 28, which is incorporated 
in the hub 26, is fixed to the left front fork member 24L by an 
axial screw 150L and a nut 152L and to the right front fork 
member 24R by an axial screw 150R and a nut 152R. The 
axial screws 150L, 150R serve as a rotational axle of the front 
wheel WF. The motor unit 28 includes a brushless motor 160 
disposed in a space defined by a left case 156 and a right case 
158, and a magnetic pole sensor 162 for detecting an angular 
displacement of the brushless motor 160. The brushless 
motor 160 belongs to the background art and will not be 
described in detail below. The brushless motor 160 includes a 
rotor 166 having permanent magnets 164 of N and Spoles 
that are disposed alternately circumferentially, and a stator 
168 having stator coils in U, V, W phases for generating a 
revolving magnetic field for rotating the rotor 166. The rotor 
166 has a rotational shaft serving as a drive shaft 170 of the 
motor unit 28. The magnetic pole sensor 162 includes a mag 
net array 172 rotatable in unison with the rotational shaft of 
the rotor 166 and a Hall IC 174 for detecting the magnet array 
172. The Hall IC 174 is held by a Hall IC housing 176 in 
facing relation to the magnet array 172. The magnet array 172 
includes a plurality of magnets arranged along the circumfer 
ential direction of the brushless motor 160, i.e., as many 
magnets as the number of the permanent magnets 164 of the 
rotor 166. The magnets of the magnet array 172 include 
magnets of N pole and magnets of Spole which are arranged 
alternately. The Hall IC housing 176 is mounted in the left 
case 156, and the brushless motor 160 is mounted in the right 
case 158. 
The drive shaft 170 of the motor unit 28 is connected to a 

first drive gear 178, which is held in driving mesh with a first 
driven gear 182 mounted on a gear shaft 180, which is rotat 
ably supported on the right case 158. Therefore, rotation of 
the first drive gear 178 is transmitted to the first driven gear 
182. The gear shaft 180 also supports thereon a second drive 
gear 184. When the drive shaft 170 is rotated, the first driven 
gear 182 is rotated, rotating the gear shaft 180. The rotation of 
the gear shaft 180 causes the second drive gear 184 to rotate. 
The hub 26 is rotatably supported on the motor unit 28 by a 
bearing 186 mounted on the left case 156 and a bearing 188 
mounted on the right case 158. The hub 26 can thus rotate 
about the axial screws 150L, 150R, making the front wheel 
WF rotatable. 
The hub 26 includes a left hub plate 190 and a right hub 

plate 194 fastened to the left hub plate 190 by screws 192. The 
bearing 186 is disposed between the left hub plate 190 and the 
left case 156, and the bearing 188 is disposed between the 
right hub plate 194 and the right case 158. The right hub plate 
194 includes a second driven gear 196 held in mesh with the 
second drive gear 184. Therefore, drive power from the motor 
unit 28 is transmitted through the first drive gear 178, the first 
driven gear 182, the second drive gear 184, and the second 
driven gear 196 to the hub 26, rotating the hub 26. Conse 
quently, the front wheelWF is rotated by the drive power from 
the motor unit 28. 

The controller 108 performs a PWM control process on the 
driver 106 to enable the brushless motor 160 to generate an 
assistive torque, which is determined by an assistance ratio 
depending on the pedaling torque applied to the crankshaft 
48, and the vehicle speed of the assisted bicycle 10. The driver 
106 includes a plurality of switching elements in a plurality of 
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phases (U, V, W phases in the present embodiment). The 
controller 108 selectively turns on and off the switching ele 
ments in the U.V.W phases at a predetermined duty ratio to 
perform the PWM control process on the driver 106. Accord 
ing to the PWM control process, the driver 106 converts a 
direct current from the battery 44 into three-phase alternating 
currents, which are supplied to the stator coils in U, V, W 
phases of the brushless motor 160 to rotate the drive shaft 170. 
When the drive shaft 170 of the brushless motor 160 rotates 

on a sloping road, the stator coils in U, V, W phases generate 
three-phase alternating currents. The controller 108 performs 
the PWM control process on the driver 106 to convert the 
three-phase alternating currents into a direct current. The 
direct current is supplied to charge the battery 44. In this 
manner, electric energy is regenerated and Supplied to charge 
the battery 44. The controller 108 includes a clock circuit and 
also functions as a timer. 

FIG. 5 is a perspective view of the display unit 68. The 
display unit 68 includes a slot (medium mounting unit) 202 
for mounting a memory card (medium) 200 therein, an eject 
button 204 for mechanically ejecting the mounted memory 
card 200 from the slot 202, and a power switch 206. The 
display unit 68 also includes an assistance/regeneration dis 
play area208 for displaying whether the assisted bicycle 10 is 
presently assisted or regenerating electric power to charge the 
battery 44, a mode display area 210 for displaying a present 
mode, a memory display area 212 for displaying whether the 
memory card 200 is mounted or not, a headlight display area 
214 for displaying whether the headlight 70 of the assisted 
bicycle 10 is energized or not, and a battery level display area 
216 for displaying the present stored energy level of the 
battery 44. 
The power switch 206 serves to turn on the power supply of 

the assistive bicycle 10. The display unit 68 includes a light 
emitting element, not shown, for illuminating the power 
switch 206 when the power switch 206 is turned on. 
The assistance/regeneration display area208 serves to dis 

play whether the assisted bicycle 10 is presently assisted or 
regenerating electric power to charge the battery 44, and also 
to indicate the degree to which the assistive bicycle 10 is 
assisted and the battery 44 is charged with regenerated elec 
tric energy. Specifically, the assistance/regeneration display 
area 208 includes a plurality of light-emitting areas 220 
(220a, 220b) arranged in a vertical array. The upper half 
light-emitting areas 220a (three light-emitting areas) above a 
central line 218 are areas for indicating that the assisted 
bicycle 10 is presently assisted, and the lower half light 
emitting areas 220.b (three light-emitting areas) below the 
central line 218 are areas for indicating that the assisted 
bicycle 10 is presently regenerating electric power to charge 
the battery 44. The upper half light-emitting areas 220a are 
selectively lighted depending on the degree to which the 
assistive bicycle 10 is assisted, and the lower halflight-emit 
ting areas 220b are selectively lighted depending on the 
degree to which the battery 44 is charged with regenerated 
electric energy. 

For example, the three upper halflight-emitting areas 220a 
display the degree to which the assistive bicycle 10 is assisted 
in three levels. If the degree to which the assistive bicycle 10 
is assisted (the amount of electric energy discharged from the 
battery 44) is in level 1 (lowest), the light-emitting area 220a 
which is closest to the central line 218 is lighted. If the degree 
to which the assistive bicycle 10 is assisted is in level 3 
(highest), then all the light-emitting areas 220a are lighted. 
The three lower half light-emitting areas 220b display the 
degree to which the battery 44 is charged with regenerated 
electric energy in three levels. If the degree to which the 
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battery 44 is charged with regenerated electric energy (the 
amount of electric energy Supplied to charge the battery 44) is 
in level 1 (lowest), then the light-emitting area 220b which is 
closest to the central line 218 is lighted. If the degree to which 
the battery 44 is charged with regenerated electric energy is in 
level 3 (highest), then all the light-emitting areas 220b are 
lighted. The degree to which the assistive bicycle 10 is 
assisted is higher in proportion to the control quantity of an 
assistive control process to be performed on the assisted 
bicycle 10, and the degree to which the battery 44 is charged 
with regenerated electric energy is higher in proportion to the 
control quantity of a regenerative control process to be per 
formed on the assisted bicycle 10. 
The mode display area 210 serves to display a presently set 

mode. Specifically, the mode display area 210 includes three 
modes “POWER. “AUTO, “ECO which are indicated in 
the mode display area 210, and light-emitting areas 222 on the 
left side of the indicated modes, each for displaying a pres 
ently set mode. For example, if the light-emitting area 222 on 
the left side of the indicated mode “POWER is lighted, then 
it shows that the presently set mode is the “POWER mode. If 
the light-emitting area 222 on the left side of the indicated 
mode "ECO" is lighted, then it shows that the presently set 
mode is the “ECO mode. The mode display area 210 also 
includes a mode changer Switch 224 for changing modes to be 
set. The rider of the assisted bicycle 10 can change modes to 
be set by operating the mode changer switch 224. The 
“POWER mode is a mode for increasing assistive power. 
The “ECO mode is a mode for increasing electric energy to 
charge the battery 44. The 'AUTO” mode is a mode for 
automatically increasing assistive power or increasing elec 
tric energy to charge the battery 44 depending on the running 
conditions of the assisted bicycle 10. 
The memory display area 212 is lighted when the memory 

card 200 is mounted in the slot 202. The headlight display 
area 214 is lighted when the headlight 70 is energized. The 
battery level display area 216 serves to display the present 
remaining stored energy level of the battery 44. The display 
areas and the light-emitting areas are lighted when light 
emitting elements (e.g., LEDs) or the like combined there 
with are energized. The display unit 68 includes those light 
emitting elements and a driver (not shown) for energizing the 
light-emitting elements. The driver is controlled by the con 
troller 108. 

FIG. 6 is a block diagram showing the electric configura 
tion of a control apparatus 250 of the assisted bicycle 10. The 
control apparatus 250 includes the pedaling force sensor 110. 
the vehicle speed sensor 66, the controller 108, and a storage 
unit 252. The controller 108 includes a state-of-charge detec 
tor 260, a decision map selector 262, a mode determiner 264, 
a AV processor 266, a AV integrator 268, an assistive con 
troller 270, a regenerative controller 272, a ASOC calculator 
274, a control quantity corrector 276, an assistive transient 
controller 278, a transient coefficient setting section 280, and 
a crankshaft rotational speed detector 282. The controller 108 
includes a computer (information processor) Such as a CPU 
or the like, which executes given programs to function as the 
controller 108. The programs may be stored in the storage unit 
252 or may be stored in a recording medium, not shown. 
The storage unit 252 includes at least a decision map stor 

age area 290 storing a plurality of decision maps (decision 
means) therein, an integrated value correction map storage 
area 292 storing AV integrated value correction maps therein, 
a ASOC correction map storage area 294 storing ASOC cor 
rection maps therein, and a ASOC correction coefficient stor 
age area 296 storing ASOC correction coefficients for the 
assistive control process and the regenerative control process. 
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The state-of-charge detector 260 detects the present SOC 

(State Of Charge) of the battery 44, i.e., the remaining stored 
energy level of the battery 44. The battery 44 is combined 
with a Voltage sensor and a current sensor, not shown. The 
state-of-charge detector 260 detects the present SOC of the 
battery 44 based on a voltage across the battery 44 which is 
detected by the Voltage sensor and a current flowing through 
the battery 44 which is detected by the current sensor. 
The decision map selector 262 selects a decision map to be 

used from the decision maps stored in the storage unit 252 
based on the SOC detected by the state-of-charge detector 
260. Each of the decision maps stored in the storage unit 252 
determines whether the assistive mode or the regenerative 
mode is to be carried out based on the torque value T of a 
pedaling torque and the vehicle speed information value V 
indicating the vehicle speed of the assisted bicycle 10, and 
also indicate control quantities of the assistive mode and the 
regenerative mode. When the control apparatus 250 is in the 
assistive mode, it performs the assistive control process on the 
assisted bicycle 10. When the control apparatus 250 is in the 
regenerative mode, it performs the regenerative control pro 
cess on the assisted bicycle 10. 

FIGS. 7A through 7C are diagrams showing the decision 
maps stored in the decision map storage area 290 of the 
storage unit 252. FIG. 7A shows a low charge decision map, 
FIG. 7B a normal decision map, and FIG. 7C a high charge 
decision map. Each of the decision maps has a horizontal axis 
representative of torque values T and a vertical axis represen 
tative of vehicle speed information values V. FIG. 8 is a 
diagram showing states of charge of the battery 44 at the time 
the low charge decision map, the normal decision map, and 
the high charge decision map are selected by the decision map 
selector 262. 
The low charge decision map is a decision map used when 

the SOC of the battery 44 is of a low charge level. The high 
charge decision map is a decision map used when the SOC of 
the battery 44 is of a high charge level. The normal decision 
map is a decision map used when the SOC of the battery 44 is 
of a normal charge level (other than a low charge level or a 
high charge level). 
The low charge decision map is a decision map for per 

forming a control process with more emphasis on the regen 
erative control process (a control process for Switching 
between the assistive control process and the regenerative 
control process with a higher rate for the regenerative control 
process). The high charge decision map is a decision map for 
performing a control process with more emphasis on the 
assistive control process (a control process for Switching 
between the assistive control process and the regenerative 
control process with a higher rate for the assistive control 
process). The normal decision map is a decision map for 
performing a normal control process (a control process for 
Switching between the assistive control process and the 
regenerative control process). 
As shown in FIG. 8, the decision map selector 262 selects 

the low charge decision map if the SOC of the battery 44 
becomes lower than a first level (e.g., 20%) when the selected 
decision map is the normal decision map. The decision map 
selector 262 selects the normal decision map if the SOC of the 
battery 44 becomes higher than a second level (e.g., 40%) 
when the selected decision map is the low charge decision 
map. The decision map selector 262 selects the high charge 
decision map if the SOC of the battery 44 becomes higher 
thana third level (e.g., 110%) when the selected decision map 
is the normal decision map. The decision map selector 262 
selects the normal decision map if the SOC of the battery 44 
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becomes lower than a fourth level (e.g., 90%) when the 
selected decision map is the high charge decision map. 
The assistive control process and the regenerative control 

process are performed so that the SOC of the battery 44 will 
stay within a control target range (e.g., between 60% and 
70%). The control target range is stored in the storage unit 
252. Specifically, the first level and the third level are set to 
levels that are different from the control target range by iden 
tical differences, and the second leveland the fourth levels are 
set to essentially medium levels of the differences. Therefore, 
the control process with more emphasis on the regenerative 
control process and the control process with more emphasis 
on the assistive control process are selected at similar timings 
with respect to the directions in which the SOC of the battery 
44 increases and decreases (20% through 110%) from the 
control target range, so that the assistive control process and 
the regenerative control process will be performed without 
allowing the rider of the assisted bicycle 10 to feel strange 
about the recognition of the SOC of the battery 44. Since the 
second leveland the fourth levels are at intermediate positions 
between the control target range and the first level and the 
third level, respectively, the frequency of switching between 
the control process with more emphasis on the regenerative 
control process and the normal control process, and the fre 
quency of Switching between the control process with more 
emphasis on the assistive control process and the normal 
control process are reduced, the remaining stored energy level 
of the battery 44 reaches the control target range equally from 
those levels. 

The decision maps are maps determined for performing the 
assistive mode, if the torque value T is greater than a prede 
termined level (threshold), and performing the regenerative 
mode, if the torque value T is equal to or Smaller than the 
predetermined level. Specifically, the decision maps are maps 
determined for performing the assistive mode, if the torque 
value T is greater than the predetermined level or the vehicle 
speed information value V is greater than a predetermined 
speed value, and performing the regenerative mode, if the 
torque value T is equal to or Smaller than the predetermined 
level or the vehicle speed information value V is equal to or 
smaller than the predetermined speed value. The predeter 
mined level and the predetermined speed value are different 
for the low charge decision map, the normal decision map. 
and the high charge decision map. The predetermined level 
and the predetermined speed value for the low charge deci 
sion map are highest, and the predetermined level and the 
predetermined speed value for the high charge decision map 
are lowest. Therefore, as the SOC of the battery 44 is lower, 
the regenerative mode is more likely to be performed. 

According to the present embodiment, the predetermined 
level and the predetermined speed value for the high charge 
decision map are nil (O). Therefore, the high charge decision 
map is a map determined for performing the assistive mode in 
a full range of torque values T and vehicle speed information 
values V. The high charge decision map is thus effective to 
protect the battery 44 from being overcharged, and allows the 
rider of the assisted bicycle 10 to recognize that the battery 44 
is fully charged from experiencing a driving feeling. Accord 
ing to the present embodiment, the predetermined speed 
value for the low charge decision map is set to a speed value 
(e.g., 100km/h) that cannot be reached by the assisted bicycle 
10. 
The normal decision map is determined for performing the 

regenerative mode, if the torque value T is equal to or Smaller 
than a first predetermined value, i.e., a predetermined level. 
and the vehicle speed information value V is equal to or 
Smaller than a second predetermined value, i.e., a predeter 
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mined speed value, and performing the assistive mode, if the 
torque value T is greater than the first predetermined value 
and the vehicle speed information value V is greater than the 
second predetermined value. Since the assistive mode is per 
formed when the vehicle speed is high and the pedaling force 
is large, and the regenerative mode is performed otherwise, 
the SOC of the battery 44 is highly likely to be kept within a 
proper range, and the battery 44 may not be or may be less 
frequently charged by a separate battery charger. 
The low charge decision map is determined for performing 

the assistive mode, if the torque value T is greater than a third 
predetermined value, i.e., a predetermined level, and per 
forming the regenerative mode. if the torque value T is equal 
to or smaller than the third predetermined value. The third 
predetermined value is greater than the first predetermined 
value. Therefore, the low charge decision map is effective to 
protect the battery 44 from being overcharged, and allows the 
rider of the assisted bicycle 10 to recognize that the SOC of 
the battery 44 is low from experiencing a driving feeling. 
Inasmuch as the predetermined speed value for the low charge 
decision map is a speed value that cannot be reached by the 
assisted bicycle 10, there is no need to take into account the 
vehicle speed information value V for the low charge decision 
map. 
The decision map selector 262 thus selectively switches 

between the decision maps depending on the SOC of the 
battery 44 for thereby changing the predetermined level and 
the predetermined speed value. 
The decision maps also store control quantities (duty 

ratios) of the assistive control process and the regenerative 
control process depending on the torque value T and the 
vehicle speed information value V. For example, if the torque 
value T is greater than the first predetermined value and the 
vehicle speed information value V is greater than the second 
predetermined value in the normal decision map, then the 
normal decision map stores a control quantity of the assistive 
control process depending on the torque value T and the 
vehicle speed information value V. If the torque value T is 
equal to or smaller than the first predetermined value and the 
vehicle speed information value V is equal to or smaller than 
the second predetermined value in the normal decision map. 
then the normal decision map stores a control quantity of the 
regenerative control process depending on the torque value T 
and the vehicle speed information value V. 

Since the assistive control process and the regenerative 
control process are selected, and control quantities of the 
assistive control process and the regenerative control process 
are determined using the decision maps where the control 
quantities of the assistive control process and the regenerative 
control process depend on torque value T and the vehicle 
speed information value V, the assistive control process and 
the regenerative control process can be selected and control 
quantities of the assistive control process and the regenerative 
control process can be determined appropriately and simply. 

Referring back to FIG. 6, the mode determiner 264 deter 
mines a mode to be performed from the decision map selected 
by the decision map selector 262, using the torque value T of 
the pedaling torque, which is detected by the pedaling force 
sensor 110 and the vehicle speed information value (vehicle 
speed) V of the assisted bicycle 10, which is detected by the 
vehicle speed sensor 66. In the present embodiment, the 
vehicle speed sensor 66 detects the vehicle speed information 
value V of the assisted bicycle 10. However, any sensor 
capable of detecting information representative of the vehicle 
speed may be employed instead of the vehicle speed sensor 
66. For example, the vehicle speed sensor 66 may be replaced 
with a crankshaft rotational speed sensor (vehicle speed infor 
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mation detector) for detecting the rotational speed (vehicle 
speed information value V) of the crankshaft 48, and the 
vehicle speed of the assisted bicycle 10 is determined from 
the rotational speed of the crankshaft 48. 

If the mode determiner 264 detects that the peak of the 
torque value T detected by the pedaling force sensor 110 
becomes equal to or smaller than the predetermined level 
after the determined mode has changed from the assistive 
mode to the regenerative mode, then the mode determiner 264 
determines that an assistive transient mode is to be performed. 
The assistive transient mode is a special mode for temporarily 
performing the assistive control process when the regenera 
tive mode is to be performed under ordinary circumstances. 

The AV processor 266 calculates the difference AV 
(change) between a previous vehicle speed information value 
V (which is a given period before the present time) detected 
by the vehicle speed sensor 66 and a present vehicle speed 
information value V. Specifically, the AV processor 266 cal 
culates the difference AV by subtracting the previous vehicle 
speed information value V from the present vehicle speed 
information value V. If the assisted bicycle 10 is accelerated, 
then the difference AV is a positive value, and if the assisted 
bicycle 10 is decelerated, then the difference AV is a negative 
value. 
The AV integrator 268 integrates positive and negative 

differences AV, which have been calculated by the AV pro 
cessor 266. The AV integrator 268 integrates differences AV 
according to their signs. Specifically, the AV integrator 268 
integrates positive differences AV together and integrates 
negative differences AV together, but does not integrate posi 
tive and negative differences AV together. 

If the mode determiner 264 determines a mode to be per 
formed as the assistive mode, then the assistive controller 270 
energizes the brushless motor 160 to perform the assistive 
control process. Specifically, the assistive controller 270 
acquires a control quantity depending on the torque value T 
detected by the pedaling force sensor 110 and the vehicle 
speed information value V detected by the vehicle speed 
sensor 66, from the decision map selected by the decision 
map selector 262, and performs the PWM control process on 
the driver 106 based on the acquired control quantity (duty 
ratio) for thereby performing the assistive control process. As 
the control quantity of the assistive control process increases, 
the assistive ratio also increases, and as the control quantity of 
the assistive control process decreases, the assistive ratio also 
decreases. As the assistive ratio increases, the ratio of an 
assistive torque generated by the brushless motor 160 to the 
pedaling torque increases. 

If the mode determiner 264 determines a mode to be per 
formed as the regenerative mode, then the regenerative con 
troller 272 energizes the brushless motor 160 to perform the 
regenerative control process. Specifically, the regenerative 
controller 272 acquires a control quantity depending on the 
torque value T detected by the pedaling force sensor 110 and 
the vehicle speed information value V detected by the vehicle 
speed sensor 66, from the decision map selected by the deci 
sion map selector 262, and performs the PWM control pro 
cess on the driver 106 based on the acquired control quantity 
(duty ratio) for thereby performing the regenerative control 
process. As the control quantity of the regenerative control 
process increases, the amount of electric energy Supplied to 
charge the battery 44 also increases, and as the control quan 
tity of the regenerative control process decreases, the amount 
of regenerated electric energy Supplied to charge the battery 
44 also decreases. As the control quantity of the regenerative 
control process increases, a regenerative braking force 
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increases commensurately, posing an increased load on the 
rider who is stepping on the pedals 50L, 50R. 
The ASOC calculator 274 calculates the difference ASOC 

between the SOC of the battery 44 at the time the power 
supply of the assisted bicycle 10 is turned on and the SOC of 
the battery 44 at the time the power supply of the assisted 
bicycle 10 is turned off in a previous cycle of use of the 
assisted bicycle 10. Specifically, the ASOC calculator 274 
calculates the difference ASOCby subtracting the SOC of the 
battery 44 at the time the assisted bicycle 10 starts to be used 
(when the power Supply is turned on) in a precious cycle from 
the SOC of the battery 44 at the time the assisted bicycle 10 
ends to be used (when the power supply is turned off) in the 
previous cycle. The difference ASOC is illustrative of the 
state of the assistive control process (assisted State) and the 
state of the regenerative control process (regenerated State) in 
the previous cycle of use of the assisted bicycle 10. In other 
words, the difference ASOC is illustrative of the state of 
discharge of the battery 44 in the assistive control process and 
the state of charge of the battery 44 in the regenerative control 
process. If the difference ASOC is of a positive value, then it 
indicates that the assistive control process was performed 
more than the regenerative control process in the previous 
cycle of use of the assisted bicycle 10. If the difference ASOC 
is of a negative value, then it indicates that the regenerative 
control process was performed more than the assistive control 
process in the previous cycle of use of the assisted bicycle 10. 
The control quantity corrector 276 corrects the control 

quantities of the assistive control process and the regenerative 
control process depending on the positive and negative AV 
integrated values. The control quantity corrector 276 corrects 
the control quantity of the regenerative control process into a 
reduced control quantity depending on the negative AV inte 
grated value, and corrects the control quantity of the assistive 
control process into an increased control quantity depending 
on the positive AV integrated value. 

Specifically, the control quantity corrector 276 acquires 
AV integrated value correction coefficients depending on the 
positive and negative AV integrated values from AV inte 
grated value correction maps stored in the integrated value 
correction map storage area 292 of the storage unit 252, and 
multiplies the control quantities of the assistive control pro 
cess and the regenerative control process by the acquired AV 
integrated value correction coefficients, thereby correcting 
the control quantities of the assistive control process and the 
regenerative control process. The assistive controller 270 and 
the regenerative controller 272 perform the assistive control 
process and the regenerative control process, respectively, 
according to the corrected control quantities. 
The control quantity corrector 276 also corrects the control 

quantities of the assistive control process and the regenerative 
control process depending on the calculated positive and 
negative differences ASOC. The control quantity corrector 
276 corrects the control quantities of the assistive control 
process and the regenerative control process so as to keep the 
SOC of the battery 44 within the control target range (60% 
through 70%). If the difference ASOC is positive, then the 
control quantity corrector 276 corrects the control quantity of 
the regenerative control process into an increased control 
quantity and corrects the control quantity of the assistive 
control process into a reduced control quantity. If the differ 
ence ASOC is negative, then the control quantity corrector 
276 corrects the control quantity of the regenerative control 
process into a reduced control quantity and corrects the con 
trol quantity of the assistive control process into an increased 
control quantity. 
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Specifically, the control quantity corrector 276 acquires 
ASOC correction coefficients for the assistive control process 
and the regenerative control process depending on the posi 
tive and negative differences ASOC from ASOC correction 
maps stored in the ASOC correction map storage area 294 of 
the storage unit 252, and stores the acquired ASOC correction 
coefficients in the ASOC correction coefficient storage area 
296 of the storage unit 252. The control quantity corrector 276 
then multiplies the control quantities of the assistive control 
process and the regenerative control process by the acquired 
ASOC correction coefficients for the assistive control process 
and the regenerative control process stored in the ASOC cor 
rection coefficient storage area 296, thereby correcting the 
control quantities of the assistive control process and the 
regenerative control process. The assistive controller 270 and 
the regenerative controller 272 perform the assistive control 
process and the regenerative control process, respectively, 
according to the corrected control quantities. The ASOC cor 
rection maps for correcting positive and negative differences 
ASOC include ASOC correction coefficients for correcting 
the control quantities of the assistive control process and the 
regenerative control process, so as to keep the SOC of the 
battery 44 within the control target range (60% through 70%). 

FIGS. 9A and 9B are diagrams showing AV integrated 
value correction maps stored in the integrated value correc 
tion map storage area 292 of the storage unit 252. FIG. 9A 
shows a -AV integrated value correction map and FIG.9B a 
+AV integrated value correction map. Each of FIGS. 9A and 
9B has a horizontal axis representative of the absolute values 
of- (negative) AV integrated values or + (positive) AV inte 
grated values, and a vertical axis representative of AV inte 
grated value correction coefficients. The -AV integrated 
value correction map is a correction map which is used when 
the vehicle speed of the assisted bicycle 10 is decreasing, and 
the AV integrated value correction map is a correction map 
which is used when the vehicle speed of the assisted bicycle 
10 is increasing. 
The -AV integrated value correction map is set Such that 

the AV integrated value correction coefficient for the regen 
erative control process is 1.0 until the absolute value of the 
-AV integrated value becomes greater thana first threshold, is 
gradually reduced when the absolute value of the -AV inte 
grated value becomes greater than the first threshold, and is 
0.6 when the absolute value of the -AV integrated value 
becomes equal to or greater than a third threshold. The AV 
integrated value correction map for the assistive control pro 
cess is set to 1.0 regardless of the -AV integrated value. 
The +AV integrated value correction map is set Such that 

the AV integrated value correction coefficient for the assistive 
control process is 1.0 until the absolute value of the +AV 
integrated value becomes greater than a second threshold, is 
gradually increased when the absolute value of the +AV inte 
grated value becomes greater than the second threshold, and 
is 1.4 when the absolute value of the +AV integrated value 
becomes equal to or greater than a fourth threshold. The AV 
integrated value correction map for the regenerative control 
process is set to 1.0 regardless of the +AV integrated value. 
As described above, when the AV integrated value is nega 

tive (when the assistive bicycle 10 is decelerated), the control 
quantity of the regenerative control process is corrected into a 
reduced control quantity depending on the absolute value of 
the negative AV integrated value. Therefore, when the rota 
tional speed of the pedals 50L, 50R is greatly reduced due to 
the regenerative control process, the control quantity of the 
regenerative control process is reduced to Suppress the reduc 
tion in the rotational speed of the pedals 50L,50R. When the 
AV integrated value is positive (when the assistive bicycle 10 
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is accelerated), the control quantity of the assistive control 
process is corrected into an increased control quantity 
depending on the absolute value of the positive AV integrated 
value. Therefore, the assisted bicycle 10 is controlled in the 
assistive control process to quickly achieve a vehicle speed 
that is desired by the rider of the assisted bicycle 10. Accord 
ingly, it is possible to reduce variations of the rotational speed 
of the crankshaft 48 due to switching between the assistive 
control process and the regenerative control process while the 
crankshaft 48 is rotating, so that the rider experiences a less 
Strange feeling. 

FIGS. 10A and 10B are diagrams showing ASOC correc 
tion maps stored in the ASOC correction map storage area 294 
of the storage unit 252. FIG. 10A shows a +ASOC correction 
map and FIG. 10B a -ASOC correction map. Each of FIGS. 
10A and 10B has a horizontal representative of the absolute 
values of + (positive) ASOC or - (negative) ASOC, and a 
vertical axis representative of ASOC correction coefficients. 
The +ASOC correction map is a correction map which is used 
when the calculated ASOC is positive, and the -ASOC cor 
rection map is a correction map which is used when the 
calculated ASOC is negative. 
The +ASOC correction map is set such that the ASOC 

correction coefficient is 1.0 if the absolute value of the calcu 
lated +ASOC is equal to or smaller than a value (predeter 
mined value) which is 5% of the SOC at the time the power 
supply is turned offin a precious cycle. The ASOC correction 
coefficient is set so as to gradually increase the control quan 
tity of the regenerative control process and gradually reduce 
the control quantity of the assistive control process depending 
on the absolute value of the +ASOC, if the absolute value of 
the calculated +ASOC is greater than the value which is 5% of 
the SOC at the time the power supply is turned off in the 
precious cycle. In other words, the ASOC correction coeffi 
cient for the assistive control process and the ASOC correc 
tion coefficient for the regenerative control process are set So 
as to correspond to the absolute value of the +ASOC. 
The -ASOC correction map is set such that the ASOC 

correction coefficient is 1.0, if the absolute value of the cal 
culated-ASOC is equal to or smaller than a value (predeter 
mined value) which is 5% of the SOC at the time the power 
supply is turned offin a precious cycle. The ASOC correction 
coefficient is set so as to gradually reduce the control quantity 
of the regenerative control process and gradually increase the 
control quantity of the assistive control process depending on 
the absolute value of the -ASOC, if the absolute value of the 
calculated-ASOC is greater than the value which is 5% of the 
SOC at the time the power supply is turned off in the precious 
cycle. In other words, the ASOC correction coefficient for the 
assistive control process and the ASOC correction coefficient 
for the regenerative control process are set so as to correspond 
to the absolute value of the -ASOC. 
The ASOC correction coefficient is limited so as not to be 

greater than 1.4 and not to be smaller than 0.6. If the ASOC 
correction coefficient becomes 1.4 or 0.6, then the ASOC 
correction coefficient remains to be 1.4 or 0.6, even if the 
absolute values of the +ASOC and the -ASOC become 
greater. 

If the ASOC is positive, then since the assistive control 
process was performed more than the regenerative control 
process in the previous cycle of use of the assisted bicycle 10, 
the control quantities are corrected into an increased control 
quantity of the regenerative control process and a reduced 
control quantity of the assistive control process by the 
+ASOC correction map, thereby keeping the SOC of the 
battery 44 within the control target range. If the ASOC is 
negative, then since the regenerative control process was per 



US 8,892,279 B2 
19 

formed more than the assistive control process in the previous 
cycle of use of the assisted bicycle 10, the control quantities 
are corrected into a reduced control quantity of the regenera 
tive control process and an increased control quantity of the 
assistive control process by the -ASOC correction map, 
thereby keeping the SOC of the battery 44 within the control 
target range. If the absolute value of the ASOC falls within 5% 
of the SOC at the time the power supply is turned off in the 
precious cycle, then since the control quantities of the assis 
tive control process and the regenerative control process are 
not corrected, the ASOC correction coefficient is prevented 
from varying frequently. 

Referring back to FIG. 6, the assistive transient controller 
278 energizes the brushless motor 160 to perform the assis 
tive transient control process, if the mode determiner 264 
determines an assistive transient mode as a mode to be per 
formed. The assistive transient control process is a control 
process for energizing the brushless motor 160 at an assistive 
ratio, which is lower than the assistive ratio in the assistive 
control process, while the crankshaft 48 is revolving a given 
number of times (in the present embodiment, while the crank 
shaft 48 is making one revolution). Specifically, the assistive 
transient controller 278 performs the assistive transient con 
trol process by performing the PWM control process on the 
driver 106 for a predetermined period after the peak of the 
pedaling torque is detected in a present cycle, with a control 
quantity which is calculated by multiplying the control quan 
tity (duty ratio) of the assistive control process which was 
performed when the pedaling torque had a peak in the previ 
ous cycle, by a transient coefficient (a coefficient Smaller than 
1) to be described later. The assistive transient controller 278 
performs the assistive transient control process each time the 
crankshaft 48 makes one-half of a revolution. 
The transient coefficient setting section 280 sets a transient 

coefficient to be used in the assistive transient control process. 
The transient coefficient setting section 280 reduces a tran 
sient coefficient that is set each time the crankshaft 48 makes 
one-half of a revolution. For example, the transient coefficient 
setting section 280 initially sets a transient coefficient to 0.8. 
and then sets a transient coefficient to 0.3 when the crankshaft 
48 makes one-half of a revolution. The assistive torque gen 
erated by the brushless motor 160 is thus reduced by the 
assistive transient control process each time the crankshaft 48 
makes one-half of a revolution. 
The crankshaft rotational speed detector 282 serves to 

detect the rotational speed of the crankshaft 48. The crank 
shaft rotational speed detector 282 includes a counter circuit 
and a count value calculator (not shown). The counter circuit 
increments a count value in each given time (e.g., 10 msec.). 
The count value calculator calculates count values commen 
Surate with one-half of a revolution of the crankshaft 48 and 
one revolution of the crankshaft 48 from the present vehicle 
speed. Specifically, since a time required for the crankshaft 48 
to make one-half of a revolution is known from the present 
vehicle speed, the count value calculator calculates a count 
value commensurate with one-half of a revolution of the 
crankshaft 48 and a count value commensurate with one 
revolution of the crankshaft 48, from that time. The crank 
shaft rotational speed detector 282 detects when the crank 
shaft 48 makes one-half of a revolution and when the crank 
shaft 48 makes one revolution by determining whether the 
count value from the counter circuit reaches the calculated 
count values or not. 

Operation in the assistive control process and the regenera 
tive control process of the control apparatus 250 of the 
assisted bicycle 10 will be described below with reference to 
FIGS. 11 through 14. When the power switch 206 is turned on 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
to energize the control apparatus 250 of the assisted bicycle 
10, the state-of-charge state detector 260 detects the present 
SOC of the battery 44 (step S1 shown in FIG. 11), and stores 
the SOC of the battery 44 upon activation in the storage unit 
252 (step S2). In step S2, the SOC of the battery 44, which is 
initially detected upon activation, is stored in the storage unit 
252. The SOCs detected in second and subsequent cycles 
after activation are not stored in the storage unit 252. 

Then, the decision map selector 262 determines whether 
the SOC of the battery 44 detected in step S1 is lower than the 
first level (20%) or not (step S3). If the decision map selector 
262 determines in step S3 that the detected SOC of the battery 
44 is not lower than the first level (20%), then the decision 
map selector 262 determines whether the detected SOC of the 
battery 44 is greater than the second level (40%) or not (step 
S4). 

If the decision map selector 262 determines in step S4 that 
the detected SOC of the battery 44 is not greater than the 
second level (40%), then the decision map selector 262 deter 
mines whether the presently selected decision map is the 
normal decision map or not (step S5). 

If the decision map selector 262 determines in step S3 that 
the detected SOC of the battery 44 is lower than the first level 
(20%), or if the SOC of the battery 44 is equal to or greater 
than the first level (20%) and equal to or lower than the second 
level (40%), and the decision map selector 262 determines in 
step S5 that the presently selected decision map is not the 
normal decision map, then the decision map selector 262 
selects the low charge decision map (step S6). Since the low 
charge decision map is thus selected when the SOC of the 
battery 44 is low, the assistive control process and the regen 
erative control process can appropriately be selectively per 
formed in a manner to match the low SOC of the battery 44. 

If the decision map selector 262 determines in step S4 that 
the detected SOC of the battery 44 is greater than the second 
level (40%), then the decision map selector 262 determines 
whether the detected SOC of the battery 44 is lower than the 
fourth level (90%) or not (step S7). If the decision map selec 
tor 262 determines in step S7 that the detected SOC of the 
battery 44 is not lower than the fourth level (90%), then the 
decision map selector 262 determines whether the detected 
SOC of the battery 44 is greater than the third level (11.0%) or 
not (step S8). 

If the decision map selector 262 determines in step S8 that 
the detected SOC of the battery 44 is not greater than the third 
level (110%), then the decision map selector 262 determines 
whether the presently selected decision map is the normal 
decision map or not (step S9). If the decision map selector 262 
determines in step S8 that the detected SOC of the battery 44 
is greater than the third level, or if the SOC of the battery 44 
is equal to or greater than the fourth level (90%) and equal to 
or lower than the third level (11.0%), and the decision map 
selector 262 determines in step S9 that the presently selected 
decision map is not the normal decision map, then the deci 
sion map selector 262 selects the high charge decision map 
(step S10). Since the high charge decision map is thus 
selected when the SOC of the battery 44 is high, the assistive 
control process and the regenerative control process can 
appropriately be selectively performed in a manner to match 
the high SOC of the battery 44. 

If the SOC of the battery 44 is equal to or greater than the 
first level and equal to or lower than the second level, and the 
decision map selector 262 determines in step S5 that the 
presently selected decision map is the normal decision map. 
or if the decision map selector 262 determines in step S7 that 
the detected SOC of the battery 44 is lower than the fourth 
level, or if the SOC of the battery 44 is equal to or greater than 
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the fourth level and equal to or lower than the third level, and 
the decision map selector 262 determines in step S9 that the 
presently selected decision map is the normal decision map. 
then the decision map selector 262 selects the normal deci 
sion map (step S11). 
As described above, if the SOC of the battery 44 becomes 

lower than the first level while the normal decision map is 
being presently selected, then the decision map selector 262 
selects the low charge decision map in step S6. Subsequently, 
if the SOC of the battery 44 becomes greater than the second 
level, which is higher than the first level, then the decision 
map selector 262 selects the normal decision map in step S11. 
If the SOC of the battery 44 becomes greater than the third 
level while the normal decision map is being presently 
selected, then the decision map selector 262 selects the high 
charge decision map in step S10. Subsequently, if the SOC of 
the battery 44 becomes lower than the fourth level, which is 
lower than the third level, then the decision map selector 262 
selects the normal decision map in step S11. Inasmuch as 
there is a hysteresis for Switching between the decision maps 
(inasmuch as the SOC for switching from the normal decision 
map to the low charge decision map and the high charge 
decision map and the SOC for switching from the low charge 
decision map and the high charge decision map to the normal 
decision map are different from each other), it is possible to 
prevent frequent Switching between the decision maps that 
are selected depending on the SOC. 
When a decision map is selected in either one of step S6, 

step S10, and step S11, the pedaling force sensor 110 detects 
the torque value T of the pedaling torque, and the vehicle 
speed sensor 66 detects the vehicle speed information value V 
(step S12). The torque value T and the vehicle speed infor 
mation value V that are detected are stored in the storage unit 
252. The pedaling force sensor 110 and the vehicle speed 
sensor 66 may periodically detect the torque value T and the 
vehicle speed information value V, and the controller 108 may 
acquire the latest torque value T and the latest vehicle speed 
information value V at the time of step S12. 

Then, the AV processor 266 calculates the difference AV 
between vehicle speed information values V (step S13). Spe 
cifically, the AV processor 266 calculates the difference AV 
between a previous vehicle speed information value V (which 
is a given period before the present time) and a present vehicle 
speed information value V. The calculated difference AV is 
stored in the storage unit 252. 

Then, the AV integrator 268 determines whether the posi 
tive or negative difference AV calculated in step S13 has been 
inverted or not (step S14). In other words, the AV integrator 
268 determines whether the positive or negative sign of the 
previously calculated difference AV and the positive or nega 
tive sign of the presently calculated difference AV has been 
inverted or not. 

If the AV integrator 268 determines in step S14 that the 
positive or negative difference AV has not been inverted, then 
the AV integrator 268 integrates the presently calculated dif 
ference AV (step S15), and control goes to step S21 shown in 
FIG. 12. In other words, the AV integrator 268 adds the 
presently calculated difference AV to the AV integrated value 
which has already been integrated. The newly calculated AV 
integrated value is stored in the storage unit 252. If the AV 
integrator 268 determines in step S14 that the positive or 
negative difference AV has been inverted, on the other hand, 
then the AV integrator 268 resets the AV integrated value, 
which has already been integrated (step S16), and control 
goes to step S21 shown in FIG. 12. If the AV integrated value 
is reset, then the presently calculated difference AV serves as 
a AV integrated value. In step S16, the AV integrated value 
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stored in the storage unit 252 is deleted, and the presently 
calculated difference AV is stored as a AV integrated value in 
the storage unit 252. 

In step S21, the mode determiner 264 determines a mode to 
be performed from the latest decision map selected by the 
decision map selector 262, using the torque value T of the 
pedaling torque and the vehicle speed information value V. 
which represents the vehicle speed of the assisted bicycle 10, 
that are detected in step S12. Specifically, the mode deter 
miner 264 determines which one of the assistive mode and the 
regenerative mode is to be performed, from the latest decision 
map selected in either one of step S6, step S10, and step S11. 

For example, if the low charge decision map is selected, 
then the mode determiner 264 determines that the regenera 
tive mode is to be performed when the detected torque value 
T is equal to or smaller than the predetermined level (the third 
predetermined value), and determines that the assistive mode 
is to be performed when the detected torque value T is greater 
than the predetermined level. If the high charge decision map 
is selected, then the mode determiner 264 determines that the 
assistive mode is to be performed when the torque value T is 
detected. If the normal decision map is selected, then the 
mode determiner 264 determines that the assistive mode is to 
be performed when the detected torque value T is greater than 
the predetermined level (the first predetermined value) or 
when the vehicle speed information value V is greater than the 
second predetermined value, and determines that the regen 
erative mode is to be performed when the detected torque 
value T is equal to or lower than the predetermined level (the 
first predetermined value) and when the vehicle speed infor 
mation value V is equal to or lower than the second predeter 
mined value. 

If the assistive mode is determined as the mode to be 
performed in step S21, then the assistive controller 270 sets an 
assistive energization timing to Supply electric current to the 
stator coils in U, V, W phases of the brushless motor 160 
depending on the angular displacement of the brushless 
motor 160, which is detected by the magnetic pole sensor 162 
(step S22). The controller 108 then performs the PWM con 
trol process on the driver 106 based on the assistive energi 
Zation timing. 

Then, the assistive controller 270 acquires a duty ratio 
(control quantity) of the assistive control process from the 
latest decision map that is selected, using the latest torque 
value T and the latest vehicle speed information value V 
which are detected (step S23). 

Then, the control quantity corrector 276 acquires the 
ASOC correction coefficient for the assistive control process, 
which is stored in the ASOC correction coefficient storage 
area 296 of the storage unit 252 (step S24). An operation 
sequence for storing the ASOC correction coefficient for the 
assistive control process in the ASOC correction coefficient 
storage area 296 will be described later. 

Then, the control quantity corrector 276 determines 
whether the absolute value of the latest difference AV calcu 
lated in step S13 is greater than a predetermined value (e.g., 1 
km/h) or not (step S25). 

If the control quantity corrector 276 determines in step S25 
that the absolute value of the difference AV is greater than the 
predetermined value, then the control quantity corrector 276 
acquires, from the AV integrated value correction maps, AV 
integrated value correction coefficients for the assistive con 
trol process based on the absolute value of the AV integrated 
value presently stored in the storage unit 252 (the AV inte 
grated value calculated and stored in step S15 shown in FIG. 
11 or the AV integrated value stored in step S16 shown in FIG. 
11) (step S26). If the AV integrated value is negative, then the 
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control quantity corrector 276 acquires, from the -AV inte 
grated value correction map, a AV integrated value correction 
coefficient for the assistive control process, which corre 
sponds to the absolute value of the negative (-) AV integrated 
value stored in the storage unit 252. If the AV integrated value 
is positive, then the control quantity corrector 276 acquires, 
from the +AV integrated value correction map, a AV inte 
grated value correction coefficient for the assistive control 
process, which corresponds to the absolute value of the posi 
tive (+) AV integrated value stored in the storage unit 252. 

Then, the control quantity corrector 276 corrects the duty 
ratio of the assistive control process acquired in step S23, 
using the ASOC correction coefficient for the assistive control 
process that was acquired in step S24, and the AV integrated 
value correction coefficient for the assistive control process 
that was acquired in step S26, and sets the corrected duty ratio 
as the duty ratio of the assistive control process (step S27), 
after which control goes to step S29. Specifically, the control 
quantity corrector 276 corrects the duty ratio of the assistive 
control process by multiplying the duty ratio of the assistive 
control process acquired in step S23 by the ASOC correction 
coefficient for the assistive control process that was acquired 
in step S24 and the AV integrated value correction coefficient 
for the assistive control process that was acquired in step S26. 
Accordingly, the corrected duty ratio of the assistive control 
process is expressed by the equation: the corrected duty ratio 
of the assistive control process—the duty ratio of the assistive 
control processxthe ASOC correction coefficient for the 
assistive control processxthe AV integrated value correction 
coefficient for the assistive control process. 

If the control quantity corrector 276 determines in step S25 
that the absolute value of the difference AV is not greater than 
the predetermined value, then the control quantity corrector 
276 corrects and sets the duty ratio of the assistive control 
process acquired in step S23, using the ASOC correction 
coefficient for the assistive control process that was acquired 
in step S24 (step S28), after which control goes to step S29. 
Specifically, the control quantity corrector 276 corrects the 
duty ratio of the assistive control process by multiplying the 
duty ratio of the assistive control process acquired in step S23 
by the ASOC correction coefficient for the assistive control 
process that was acquired in step S24. Accordingly, the cor 
rected duty ratio of the assistive control process is expressed 
by the equation: the corrected duty ratio of the assistive con 
trol process—the duty ratio of the assistive control processxthe 
ASOC correction coefficient for the assistive control process. 
As indicated by the -AV integrated value correction map 

shown in FIG.9A, when the AV integrated value is negative 
(when the assistive bicycle 10 is decelerated), since the AV 
integrated value correction coefficient for the assistive control 
process is kept at 1.0, the duty ratio of the assistive control 
process is not corrected by the AV integrated value correction 
coefficient. On the other hand, as indicated by the +AV inte 
grated value correction map shown in FIG.9B, when the AV 
integrated value is positive (when the assistive bicycle 10 is 
accelerated), since the AV integrated value correction coeffi 
cient for the assistive control process becomes greater than 
1.0 as the absolute value of the AV integrated value is greater 
than the second threshold, the duty ratio of the assistive con 
trol process is corrected into an increased duty ratio. The 
increased duty ratio of the assistive control process increases 
the assistive ratio, resulting in an increase in the ratio of the 
assistive torque to the pedaling torque. 

If the absolute value of the +AV integrated value is not 
greater than the second threshold, then the duty ratio is not 
corrected, because, if the absolute value of the +AV integrated 
value is not greater than the second threshold, it is uncertain if 
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the rider of the assisted bicycle 10 is stepping on the pedals 
50L, 50R in order to accelerate the bicycle 10 or not, and 
hence the assistive ratio is prevented from increasing against 
the intention of the rider. 

In step S25, the control quantity corrector 276 determines 
whether the absolute value of the difference AV is greater than 
the predetermined value. If the absolute value of the differ 
ence AV is not greater than the predetermined value, then the 
duty ratio is not corrected based on the AV integrated value 
correction coefficient, because, if the absolute value of the 
difference AV is equal to or smaller than the predetermined 
value, the vehicle speed is Subject to Small variations, and the 
drivability of the assisted bicycle 10 is lowered, if the duty 
ratio is corrected when the vehicle speed is subject to small 
variations. 

In step S29, the assistive controller 270 performs the PWM 
control process on the driver 106 with the set duty ratio. At 
this time, the assistive controller 270 performs the PWM 
control process on the driver 106 based on the assistive ener 
gization timing set in step S22. According to the PWM con 
trol process, the DC electric power supplied from the battery 
44 is converted by the driver 106 into three-phase AC electric 
power, which is supplied to the brushless motor 160 to ener 
gize the brushless motor 160. 

Then, the assistive controller 270 determines whether a 
peak of the torque value T detected by the pedaling force 
sensor 110 is detected or not (step S30). A peak of the torque 
value T can be detected by determining whether the torque 
value T detected in a present cycle is Smaller than the torque 
value T detected in a previous cycle when the detected torque 
value T is gradually increasing. If the torque value T detected 
in the present cycle is smaller than the torque value T detected 
in the previous cycle, then the torque value T detected in the 
previous cycle serves as a peak thereof. 

If the assistive controller 270 determines in step S30 that a 
peak of the torque value T is detected, then the assistive 
controller 270 stores the set duty ratio at the peak of the 
pedaling torque in the storage unit 252 (step S31). In other 
words, since the torque value T detected in the previous cycle 
has its peak, the duty ratio set in the previous cycle is stored in 
the storage unit 252. Then, control goes back to step S1 shown 
in FIG. 11. On the other hand, if the assistive controller 270 
determines in step S30 that no peak of the torque value T is 
detected, then control goes from step S30 back to step S1. 

If the regenerative mode is determined as the mode to be 
performed in step S21, then control goes to step S41 shown in 
FIG. 13 in which the mode determiner 264 determines 
whether a peak of the torque value T detected by the pedaling 
force sensor 110 is detected or not. 

If the mode determiner 264 determines in step S41 that no 
peak of the torque value T of the pedaling torque is detected, 
the mode determiner 264 determines whether the assistive 
transient mode is being presently performed or not (step S42). 
If the mode determiner 264 determines in step S42 that the 
assistive transient mode is presently performed, then control 
goes to step S57 shown in FIG. 14. If the mode determiner 264 
determines in step S42 that the assistive transient mode is not 
presently performed, then the regenerative controller 272 sets 
a regenerative energization timing to Supply electric current 
to the stator coils in U.V.W phases of the brushless motor 160 
depending on the angular displacement of the brushless 
motor 160, which is detected by the magnetic pole sensor 162 
(step S43). The controller 108 then performs the PWM con 
trol process on the driver 106 based on the regenerative ener 
gization timing. 

Then, the regenerative controller 272 acquires a duty ratio 
of the regenerative control process from the latest decision 
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map, which is selected, using the latest torque value T and the 
latest vehicle speed information value V that are detected 
(step S44). 

Then, the control quantity corrector 276 acquires the 
ASOC correction coefficient for the regenerative control pro 
cess, which is stored in the ASOC correction coefficient stor 
age area 296 of the storage unit 252 (step S45). An operation 
sequence for storing the ASOC correction coefficient for the 
regenerative control process in the ASOC correction coeffi 
cient storage area 296 will be described later. 

Then, the control quantity corrector 276 determines 
whether the absolute value of the latest difference AV calcu 
lated in step S13 is greater than a predetermined value (e.g., 1 
km/h) or not (step S46). 

If the control quantity corrector 276 determines in step S46 
that the absolute value of the difference AV is greater than the 
predetermined value, then the control quantity corrector 276 
acquires, from the AV integrated value correction maps, AV 
integrated value correction coefficients for the regenerative 
control process based on the absolute value of the AV inte 
grated value presently stored in the storage unit 252 (the AV 
integrated value calculated and stored in step S15 shown in 
FIG. 11 or the AV integrated value stored in step S16 shown 
in FIG. 11) (step S47). If the AV integrated value is negative, 
then the control quantity corrector 276 acquires, from the 
-AV integrated value correction map, a AV integrated value 
correction coefficient for the regenerative control process, 
which corresponds to the absolute value of the negative (-) 
AV integrated value stored in the storage unit 252. If the AV 
integrated value is positive, then the control quantity correc 
tor 276 acquires, from the +AV integrated value correction 
map, a AV integrated value correction coefficient for the 
regenerative control process, which corresponds to the abso 
lute value of the positive (+) AV integrated value stored in the 
storage unit 252. 

Then, the control quantity corrector 276 corrects the duty 
ratio of the regenerative control process acquired in step S44. 
using the ASOC correction coefficient for the regenerative 
control process that was acquired in step S45 and the AV 
integrated value correction coefficient for the regenerative 
control process that was acquired in step S47, and sets the 
corrected duty ratio as the duty ratio of the regenerative con 
trol process (step S48), after which control goes to step S50. 
Specifically, the control quantity corrector 276 corrects the 
duty ratio of the regenerative control process by multiplying 
the duty ratio of the regenerative control process acquired in 
step S44 by the ASOC correction coefficient for the regenera 
tive control process that was acquired in step S45 and the AV 
integrated value correction coefficient for the regenerative 
control process that was acquired in step S47. Accordingly, 
the corrected duty ratio of the regenerative control process is 
expressed by the equation: the corrected duty ratio of the 
regenerative control process the duty ratio of the regenera 
tive control processxthe ASOC correction coefficient for the 
regenerative control processxthe AV integrated value correc 
tion coefficient for the regenerative control process. 
On the other hand, if the control quantity corrector 276 

determines in step S46 that the absolute value of the differ 
ence AV is not greater than the predetermined value, then the 
control quantity corrector 276 corrects and sets the duty ratio 
of the regenerative control process acquired in step S44, using 
the ASOC correction coefficient for the regenerative control 
process that was acquired in step S45 (step S49), after which 
control goes to step S50. Specifically, the control quantity 
corrector 276 corrects the duty ratio of the regenerative con 
trol process by multiplying the duty ratio of the regenerative 
control process acquired in step S44 by the ASOC correction 
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coefficient for the regenerative control process that was 
acquired in step S45. Accordingly, the corrected duty ratio of 
the regenerative control process is expressed by the equation: 
the corrected duty ratio of the regenerative control 
process the duty ratio of the regenerative control processxthe 
ASOC correction coefficient for the regenerative control pro 
CCSS, 

In step S46, the control quantity corrector 276 determines 
whether the absolute value of the difference AV is greater than 
the predetermined value. If the absolute value of the differ 
ence AV is not greater than the predetermined value, then the 
duty ratio is not corrected based on the AV integrated value 
correction coefficient, because, if the absolute value of the 
difference AV is equal to or smaller than the predetermined 
value, the vehicle speed is Subject to Small variations, and the 
drivability of the assisted bicycle 10 is lowered, if the duty 
ratio is corrected when the vehicle speed is subject to small 
variations. 
As indicated by the -AV integrated value correction map 

shown in FIG.9A, when the AV integrated value is negative 
(when the assistive bicycle 10 is decelerated), since the AV 
integrated value correction coefficient for the regenerative 
control process becomes smaller than 1.0 as the absolute 
value of the AV integrated value is greater than the first 
threshold, the duty ratio of the regenerative control process is 
corrected into a reduced duty ratio. Even when the rotational 
speed of the pedals 50L, 50R is reduced by a regenerative 
braking force generated in the regenerative control process, 
the control quantity of the regenerative control process is 
reduced to prevent the rotational speed of the pedals 50L, 50R 
from being reduced. On the other hand, as indicated by the 
+AV integrated value correction map shown in FIG.9B, when 
the AV integrated value is positive (when the assistive bicycle 
10 is accelerated), since the AV integrated value correction 
coefficient for the regenerative control process is kept at 1.0, 
the duty ratio of the regenerative control process is not cor 
rected by the AV integrated value correction coefficient. If the 
absolute value of the -AV integrated value is not greater than 
the first threshold, then the duty ratio is not corrected, 
because, if the absolute value of the -AV integrated value is 
not greater than the first threshold, it is uncertain if the rota 
tional speed of the pedals 50L, 50R is reduced or not, and 
hence the amount of regenerated electric power Supplied to 
charge the battery 44 is prevented from being reduced. 

In step S50, the regenerative controller 272 performs the 
PWM control process on the driver 106 with the set duty ratio. 
Then, control goes back to step S1 shown in FIG. 11. At this 
time, the regenerative controller 272 performs the PWM con 
trol process on the driver 106 based on the regenerative ener 
gization timing set in step S43. According to the PWM con 
trol process, the three-phase AC electric power generated by 
the brushless motor 160 is converted by the driver 106 into 
DC electric power, which is supplied to the battery 44. 

If the regenerative mode is determined as the mode to be 
performed and a peak of the torque value T of the pedaling 
torque is detected in step S41 shown in FIG. 13, then control 
goes to step S51 shown in FIG. 14 in which the mode deter 
miner 264 determines whether the assistive control process 
was performed at the time the torque value Thad its peak in 
the previous cycle or not. 

If the mode determiner 264 determines in step S51 that the 
assistive control process was not performed at the time the 
torque value T had its peak in the previous cycle, i.e., if the 
mode determiner 264 determines that the regenerative control 
process or the assistive transient control process was per 
formed at the time the torque value T had its peak in the 
previous cycle, then control goes back to step S42 shown in 



US 8,892,279 B2 
27 

FIG. 13. If the mode determiner 264 determines that the 
assistive control process was performed, then control goes to 
step S52 in which the mode determiner 264 determines the 
assistive transient mode as the mode to be performed. Then, 
the transient coefficient setting section 280 sets a transient 
coefficient of 1.0 or smaller (0.8 in the present embodiment) 
(step S53). 

Then, the assistive transient controller 278 reads the duty 
ratio of the assistive control process, which was performed 
when the torque value T had its peak in the previous cycle, 
from the storage unit 252 (step S54), and corrects the read 
duty ratio of the assistive control process with the transient 
coefficient set in step S53 (step S55). Specifically, the assis 
tive transient controller 278 corrects the duty ratio of the 
assistive control process by multiplying the duty ratio by the 
set transient coefficient. 

Then, the assistive transient controller 278 performs the 
PWM control process on the driver 106 with the corrected 
duty ratio for a predetermined period (step S56), after which 
control goes to step S57. The assistive transient controller 278 
may set an assistive transient energization timing and may 
performs the PWM control process based on the assistive 
transient energization timing. According to the PWM control 
process, for a predetermined period, the driver 106 converts a 
direct current from the battery 44 into three-phase alternating 
current, which are supplied to the brushless motor 160 to 
energize the brushless motor 160. 

In step S57, the crankshaft rotational speed detector 282 
increments the count value. Specifically, the crankshaft rota 
tional speed detector 282 increments the count value in each 
given time. If the given time (e.g., 10 msec.) has not elapsed 
from the time the crankshaft rotational speed detector 282 
incremented the count value in the previous cycle, the crank 
shaft rotational speed detector 282 does not increment the 
count value and waits until the given time has elapsed. 

Then, the crankshaft rotational speed detector 282 deter 
mines whether the present time is the time at which the 
crankshaft 48 has made one-half of a revolution or not based 
on the present count value (step S58). If the crankshaft rota 
tional speed detector 282 determines in step S58 that whether 
the present time is not the time at which the crankshaft 48 has 
made one-half of a revolution, then the crankshaft rotational 
speed detector 282 determines whether the present time is the 
time at which the crankshaft 48 has made one revolution or 
not (step S59). If the crankshaft rotational speed detector 282 
determines in step S59 that whether the present time is not the 
time at which the crankshaft 48 has made one revolution, then 
control goes back to step S1 shown in FIG. 11. 
On the other hand, if the crankshaft rotational speed detec 

tor 282 determines in step S58 that whether the present time 
is the time at which the crankshaft 48 has made one-half of a 
revolution, then the transient coefficient setting section 280 
sets a transient coefficient (0.3 in the present embodiment), 
which is smaller than the previously set transient coefficient 
(step S60). Then, control goes back to step S55. In this man 
ner, the duty ratio read in step S53 is corrected with the newly 
set transient coefficient (0.3) (step S55), and the PWM control 
process is performed with the newly corrected duty ratio for a 
predetermined period (step S56). 

If the crankshaft rotational speed detector 282 determines 
in step S59 that the crankshaft 48 has made one revolution, 
then the crankshaft rotational speed detector 282 resets the 
count value (step S61), and the mode determiner 264 cancels 
the assistive transient mode (step S62), after which control 
goes back to step S1 shown in FIG. 11. If the mode determiner 
264 determines that the assistive mode is to be performed in 
step S21 shown in FIG. 12 during the assistive transient mode 
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(if a torque value T of the pedaling torque greater than the 
predetermined level is detected), the crankshaft rotational 
speed detector 282 also resets the count value, and the mode 
determiner 264 also cancels the assistive transient mode, after 
which control goes back to step S22 shown in FIG. 22. 

FIG. 15 is a diagram showing torque values T that are 
detected by the pedaling force sensor 110 while the rider is 
driving the assisted bicycle 10 by stepping on the pedals 50L, 
50R. Torque values T detected by the pedaling force sensor 
110 are different depending on the angular position of the 
crankshaft 48 (crankshaft angular position). FIG. 15 has a 
horizontal axis representative of time and a vertical axis of 
torque values T. As shown in FIG. 15, the pedaling torque that 
is detected is represented by a waveform, which includes a 
peak torque value Teach time the crankshaft 48 makes one 
half of a revolution. For illustrative purposes, the predeter 
mined level in FIG. 15 is a level used when the low charge 
decision map is selected as a decision map. 
When the torque value T is equal to or smaller than the 

predetermined level, the regenerative mode is determined as 
the mode to be performed. Therefore, the regenerative control 
process is performed while the torque value T is equal to or 
smaller than the predetermined level. When the torque value 
T is greater than the predetermined level, the assistive mode is 
determined as the mode to be performed. Therefore, the assis 
tive control process is performed while the torque value T is 
greater than the predetermined level. In the assistive control 
process and the regenerative control process, the duty ratio is 
determined based on the torque value T and the vehicle speed 
information value V that are detected. The duty ratio is cor 
rected based on the ASOC correction coefficient and the AV 
integrated value correction coefficient which are depending 
on the state of the difference ASOC and the state of the AV 
integrated value, and the PWM control process is performed 
with the corrected duty ratio. 
As shown in FIG. 15, the detected torque value T is gradu 

ally reduced with time, and the peak of the fourth pedaling 
torque is lower than the predetermined level. Therefore, the 
regenerative control process is performed when the peak of 
the fourth pedaling torque is detected. Up to the fourth ped 
aling torque, however, the assistive control process and the 
regenerative control process are alternately performed Such 
that the regenerative control process is performed in the vicin 
ity of the minimum torque value T and the assistive control 
process is performed in the vicinity of the maximum torque 
value T. If the regenerative control process is unexpectedly 
performed in the vicinity of the maximum torque value T of 
the fourth pedaling torque, i.e., if the regenerative control 
process is performed over a full range of torque values T from 
the minimum torque value T to the maximum torque value T. 
then the pedals 50L, 50R become abruptly sluggish, posing 
an increased load on the rider of the assisted bicycle 10 and 
making the rider experience a strange feeling. This shortcom 
ing is caused not only by the regenerative control process, 
which is unexpectedly performed while the assistive control 
process and the regenerative control process are alternately 
performed, but also by the regenerative control process, 
which is unexpectedly performed over a full range of torque 
values T from the minimum torque value T to the maximum 
torque value T while the assistive control process is per 
formed over a full range of torque values T from the minimum 
torque value T to the maximum torque value T. 
To avoid the above shortcoming, if the peak of the torque 

value T detected by the pedaling force sensor 110 becomes 
equal to or smaller than the predetermined level for the first 
time after the assistive mode has switched to the regenerative 
mode, then the assistive transient control process, which is a 
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special assistive control process with a reduced assistive ratio, 
is performed while the crankshaft 48 is making a predeter 
mined number of revolutions (one revolution in the present 
embodiment). Specifically, if the peak of the torque value T 
detected by the pedaling force sensor 110 becomes equal to or 
smaller than the predetermined level for the first time after the 
assistive mode has switched to the regenerative mode, then 
the PWM control process is performed for a predetermined 
period on the driver 106 with a duty ratio which is calculated 
by multiplying the control quantity (duty ratio) of the assis 
tive control process at the peak of the torque value T detected 
in the previous cycle by a transient coefficient less than 1 (0.8 
in the present embodiment). In other words, if the peak of the 
torque value T is detected as being equal to or Smaller than the 
predetermined level, then AC electric power is supplied to the 
brushless motor 160 to energize the brushless motor 160 for 
a predetermined period from the detection of the peak of the 
torque value T. Therefore, the assisted bicycle 10 is assisted in 
its travel for the predetermined period. 

Thereafter, if the crankshaft 48 makes one-half of a revo 
lution from the time when the peak of the torque value T 
becomes equal to or smaller than the predetermined level and 
the assistive mode is not performed, then the PWM control 
process is performed on the driver 106 with a duty ratio, 
which is calculated by multiplying the control quantity of the 
assistive control process by a transient coefficient, which is 
much less than the previous transient coefficient (0.3 in the 
present embodiment). In other words, when the crankshaft 48 
has made one-half of a revolution from the time at which the 
peak of the torque value T is detected as being equal to or 
smaller than the predetermined level, AC electric power is 
supplied to the brushless motor 160 to energize the brushless 
motor 160 for a predetermined period from the time at which 
the crankshaft 48 has made one-half of a revolution. 
When the crankshaft 48 has made one revolution from the 

time at which the peak of the torque value T is detected as 
being equal to or smaller than the predetermined level, the 
assistive transient mode is canceled. If the torque value T of 
the pedaling torque is equal to or Smaller than the predeter 
mined level, then the regenerative mode is performed. 
An operation sequence of the control apparatus 250 for 

stopping the assisted bicycle 10 will be described below with 
reference to a flowchart shown in FIG. 16. When the power 
switch 206 is turned off, the state-of-charge detector 260 
stores the SOC of the battery 44, which was detected imme 
diately before the power switch 206 is turned off, in the 
storage unit 252 (step S71). 

Then, the ASOC calculator 274 calculates the difference 
ASOC between the SOC of the battery 44, stored in the 
storage unit 252, at the time the control apparatus 250 is 
activated, i.e., at the time the assisted bicycle 10 starts to be 
used, (the SOC stored in step S2 shown in FIG. 11), and the 
SOC of the battery 44 at the time the control apparatus 250 is 
inactivated, i.e., at the time the assisted bicycle 10 ends to be 
used (step S72). Specifically, the ASOC calculator 274 cal 
culates the difference ASOC by subtracting the SOC of the 
battery 44 at the time the control apparatus 250 is inactivated 
from the SOC of the battery 44 at the time the control appa 
ratus 250 is activated. Accordingly, the difference ASOC is 
expressed by the equation: the difference ASOC=the SOC of 
the battery 44 at the time the control apparatus 250 is acti 
vated the SOC of the battery 44 at the time the control 
apparatus 250 is inactivated. 

Then, based on the calculated difference ASOC, the control 
quantity corrector 276 acquires ASOC correction coefficients 
from ASOC correction maps and stores them in the ASOC 
correction coefficient storage area 296 of the storage unit 252 
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(step S73). If the difference ASOC is positive, then the control 
quantity corrector 276 acquires, from the +ASOC correction 
map, the ASOC correction coefficient for the assistive control 
process and the ASOC correction coefficient for the regen 
erative control process, which correspond to the absolute 
value of the calculated +ASOC, and stores the acquired ASOC 
correction coefficients in the storage unit 252. If the differ 
ence ASOC is negative, then the control quantity corrector 
276 acquires, from the -ASOC correction map, the ASOC 
correction coefficient for the assistive control process and the 
ASOC correction coefficient for the regenerative control pro 
cess, which correspond to the absolute value of the calculated 
-ASOC, and stores the acquired ASOC correction coeffi 
cients in the storage unit 252. The difference ASOC makes it 
possible to recognize the assisted State and the regenerated 
state in a single event of use of the assisted bicycle 10. Spe 
cifically, if the difference ASOC is positive, then it is recog 
nized that the assistive control process is performed more 
than the regenerative control process, and the difference 
ASOC is negative, then it is recognized that the regenerative 
control process is performed more than the assistive control 
process. 

Then, the controller 108 shuts down the control apparatus 
250 of the assisted bicycle 10 (step S74). The ASOC correc 
tion coefficients for the assistive control process and the 
regenerative control process, which are stored in the storage 
unit 252 will be used to correct the control quantities of the 
assistive control process and the regenerative control process 
in a next event of use of the assisted bicycle 10. 
As described above, the pedaling torque at an angular 

position of the crankshaft 48 is detected, and the assistive 
control process and the regenerative control process are selec 
tively performed depending on the torque value T of the 
pedaling torque, i.e., depending on whether or not the torque 
value T is equal to or smaller than the predetermined level. 
Therefore, the regenerative control process is performed 
more frequently to increase the frequency at which the battery 
44 is charged, thereby making the battery 44 effective for a 
longer time. 

Since the control quantities of the assistive control process 
and the regenerative control process are corrected using the 
AV integrated value correction coefficient depending on a 
change in the vehicle speed information value V, which rep 
resents the vehicle speed of the assisted bicycle 10, variations 
in the rotational speed of the crankshaft 48 due to switching 
between the assistive control process and the regenerative 
control process during the rotation of the crankshaft 48 are 
reduced to make the rider of the assisted bicycle 10 experi 
ence a less strange feeling. Specifically, if the rotational speed 
of the crankshaft 48 is lowered due to the regenerative control 
process, i.e., if the absolute value of the -AV integrated value 
becomes greater than the first threshold, then the control 
quantity of the regenerative control process is reduced to 
minimize the reduction in the rotational speed of the crank 
shaft 48, and if the rotational speed of the crankshaft 48 is 
increased due to the assistive control process, i.e., if the abso 
lute value of the +AV integrated value becomes greater than 
the second threshold, then the control quantity of the assistive 
control process is increased to perform the assistive control 
process for quickly achieving a vehicle speed desired by the 
rider, thereby to minimize the increase in the rotational speed 
of the crankshaft 48. 

If the value which is calculated by subtracting the state of 
charge at the time the assisted bicycle 10 ends to be used from 
the state of charge at the time the assisted bicycle 10 started to 
be used in the previous cycle is positive, then the control 
quantity of the regenerative control process is controlled into 
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an increased control quantity using the +ASOC correction 
map, and if the value is negative, then the control quantity of 
the assistive control process is controlled into an increased 
control quantity using the -ASOC correction map. Therefore, 
the state of charge of the battery 44 can be brought into an 
acceptable range, i.e., the control target range, as quickly as 
possible. Inasmuch as the control quantities of the assistive 
control process and the regenerative control process are cor 
rected only if the absolute value of the value, which is calcu 
lated by Subtracting the state of charge at the time the assisted 
bicycle 10 ends to be used from the state of charge at the time 
the assisted bicycle 10 started to be used in the previous cycle 
is greater than the predetermined value, the assistive control 
process and the regenerative control process can be per 
formed with stable control quantities, and the ASOC correc 
tion coefficients for correcting the control quantities of the 
assistive control process and the regenerative control process 
are prevented from varying frequently. 

If the peak of the torque value T detected by the pedaling 
force sensor 110 becomes equal to or smaller than the prede 
termined level, then the assistive transient control process is 
performed and thereafter it switches to the regenerative con 
trol process. Therefore, the crankshaft 48 is prevented from 
becoming abruptly sluggish, and no abruptly increased load is 
posed on the rider of the assisted bicycle 10. The regenerative 
control process thus smoothly starts to be performed without 
making the rider experience a strange feeling. Specifically, if 
the peak of the torque value T detected by the pedaling force 
sensor 110 becomes equal to or smaller than the predeter 
mined level after the assistive mode has switched to the regen 
erative mode, then the assistive transient mode is determined 
as the mode to be performed. Accordingly, even if the regen 
erative mode should be performed, the assisted bicycle 10 is 
assisted with a reduced assistive ratio as long as the assistive 
transient mode determined as the mode to be performed. As a 
result, the rider does not experience a strange feeling during 
the transition from the assistive mode to the regenerative 
mode. 

Furthermore, since a transient coefficient for reducing an 
assistive ratio is set each time the crankshaft 48 makes one 
half of a revolution, the assistive control process smoothly 
Switches to the regenerative control process without making 
the rider experience a strange feeling. As there are a plurality 
of decision maps selectable depending on the SOC of the 
battery 44, an appropriate mode to be performed can be 
selected easily depending on the SOC of the battery 44. 
Decision maps that correspond to lower SOCs of the battery 
44 are associated with higher predetermined levels. There 
fore, as the SOC of the battery 44 is lower, the regenerative 
mode is more likely to be determined as the mode to be 
performed, allowing the battery 44 to be more likely charged. 
The above embodiment may be modified as follows. 

Modification 1 

In the above embodiment, when the control apparatus 250 
of the assisted bicycle 10 is inactivated, a difference ASOC is 
calculated, and a ASOC correction coefficient corresponding 
to the calculated difference ASOC is acquired from a ASOC 
correction map and stored in the ASOC correction coefficient 
storage area 296 of the storage unit 252. However, when the 
control apparatus 250 of the assisted bicycle 10 is inactivated, 
a difference ASOC may be calculated and the calculated 
difference ASOC may be stored in the storage unit 252. 

According to Modification 1, in step S24 shown in FIG. 12 
and step S45 shown in FIG. 13, a ASOC correction coefficient 
corresponding to the difference ASOC stored in the storage 
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unit 252 is acquired from a ASOC correction map. The ASOC 
correction map is set such that the ASOC correction coeffi 
cient is 1.0, if the absolute value of the calculated difference 
ASOC is equal to or smaller than a value which is 5% of the 
present SOC of the battery 44. 
The ASOC correction map is set such that the ASOC cor 

rection coefficient is 1.0, if the absolute value of the calcu 
lated difference ASOC is equal to or smaller than the value 
which is 5% of the present SOC of the battery 44 (i.e., the 
predetermined value that varies depending on the SOC), and 
the ASOC correction coefficient increases or decreases, if the 
absolute value of the calculated difference ASOC is greater 
than the value that is 5% of the present SOC of the battery 44. 
However, the ASOC correction map may be set such that the 
ASOC correction coefficient is 1.0, if the absolute value of the 
calculated difference ASOC is equal to or smaller than a 
predetermined value that is constant, and the ASOC correc 
tion coefficient increases or decreases, if the absolute value of 
the calculated difference ASOC is greater than the predeter 
mined value that is constant. 

Modification 2 

In the above embodiment and modification 1, the controller 
108 may store the difference ASOC or the ASOC correction 
coefficients that are stored in the storage unit 252, in the 
memory card 200 mounted in the display unit 68. The 
memory card 200, which stores the difference ASOC or the 
ASOC correction coefficients therein, may be removed from 
the display unit 68 and may be mounted in another assisted 
bicycle 10. The control apparatus 250 of the other assisted 
bicycle 10 with the memory card 200 mounted therein may 
correct the control quantities of the assistive control process 
and the regenerative control process based on the difference 
ASOC or the ASOC correction coefficients stored in the 
memory card 200. 
Memory cards 200, which store the data, can be used as 

follows: A memory card 200 that stores a difference ASOC or 
ASOC correction coefficients therein that are obtained when 
an assisted bicycle 10 is used by a rider tending to use the 
assistive mode more often, may be mounted in another 
assisted bicycle 10 wherein the SOC of the battery 44 is low, 
for quickly recovering the SOC of the battery 44. A memory 
card 200 that Stores a difference ASOC or ASOC correction 
coefficients therein that are obtained when an assisted bicycle 
10 is used by a rider tending to use the regenerative mode 
more often, may be mounted in another assisted bicycle 10, 
which is used by a woman with less physical power, for 
operating the other assisted bicycle 10 in a stronger assistive 
control process. 

Modification 3 

In the above embodiment, modification 1, and modifica 
tion 2, the assistive transient control process is performed 
while the crankshaft 48 makes one revolution. However, the 
assistive transient control process is performed while the 
crankshaft 48 makes a predetermined number of revolutions 
(e.g., five revolutions). Instead of reducing the transient coef 
ficient each time the crankshaft 48 makes one-half of a revo 
lution (0.5 revolution), the transient coefficient may be 
reduced each time the crankshaft 48 makes a certain number 
of revolutions, e.g., one revolution, 1.5 revolutions, etc. 

Modification 4 

In the above embodiment and modifications 1 through 3, 
the maps including the decision maps, AV integrated value 
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correction maps, ASOC correction maps, etc. are used. How 
ever, calculations may be used rather than these maps. For 
example, a mode to be performed may be determined by way 
of calculations and control quantities may be calculated from 
the torque value T and the vehicle speed information value V. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are not 
to be regarded as a departure from the spirit and scope of the 
invention, and all Such modifications as would be obvious to 
one skilled in the art are intended to be included within the 
Scope of the following claims. 
What is claimed is: 
1. A control apparatus for a motor-assisted bicycle for 

detecting a pedaling torque applied to a crankshaft with a 
pedaling force sensor, detecting a vehicle speed information 
value representing a vehicle speed of the motor-assisted 
bicycle by a vehicle speed information detector, controlling a 
motor unit of the motor-assisted bicycle in a regenerative 
control process to charge a battery, and controlling the motor 
unit in an assistive control process, 

wherein said control apparatus Switches from the assistive 
control process to the regenerative control process at a 
crankshaft angular position in which said torque value 
detected by the pedaling force sensor is equal to or 
smaller than a predetermined level and if the vehicle 
speed information value that is detected is equal to or 
Smaller than a predetermined speed value, and Switches 
from the regenerative control process to the assistive 
control process at least at a crankshaft angular position 
in which said torque value detected by the pedaling force 
sensor is greater than said predetermined level. 

2. The control apparatus for the motor-assisted bicycle 
according to claim 1, wherein said control apparatus varies 
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said predetermined level and said predetermined speed value, 
depending on the state of charge of the battery. 

3. A control apparatus for a motor-assisted bicycle, com 
prising: 

a torque detecting unit configured to detect a pedaling 
torque applied to a crankshaft with a pedaling force 
Sensor, 

a vehicle speed information detector configured to detect a 
vehicle speed information value representing a vehicle 
speed of the motor-assisted bicycle; and 

a control unit configured to control a motor unit of the 
motor-assisted bicycle in a regenerative control process 
to charge a battery and control the motor unit in an 
assistive control process, said control apparatus is con 
figured to switch from the assistive control process to the 
regenerative control process at a crankshaft angular 
position in which said torque value detected by the ped 
aling force sensor is equal to or Smaller than a predeter 
mined level and if the vehicle speed information value 
that is detected is equal to or Smaller than a predeter 
mined speed value, and is configured to Switch from the 
regenerative control process to the assistive control pro 
cess at least at a crankshaft angular position in which 
said torque value detected by the pedaling force sensoris 
greater than said predetermined level. 

4. The control apparatus for the motor-assisted bicycle 
according to claim 3, wherein said control apparatus is con 
figured to vary said predetermined level and said predeter 
mined speed value, depending on the state of charge of the 
battery. 


